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Ordering Information 


LM 101A F 



PACKAGE 

D — Glass/Metal Dual-ln-Line Package 
F - Glass/Metal Flat Pack 
H - TO-5 (TO-99, TO-IOO, TO-46) 

J — Low Temperature Glass Dual-ln-Line Package 
K - TO-3 (Steel) 

KC — TO-3 (Aluminum) 

N — Plastic Dual-ln-Line Package 
P — TO-202 (D-40, Durawatt) 

S — "SGS" Type Power Dual-ln-Line Package 
T - TO-220 

W — Low Temperature Glass Flat-Pack 
Z - TO-92 

DEVICE NUMBER 

3, 4, or 5 Digit Number Suffix Indicators: 

A — Improved Electrical Specification 
C - Commercial Temperature Range 

DEVICE FAMILY 

AD — Analog to Digital 
AH — Analog Hybrid 
AM — Analog Monolithic 
CD - CMOS Digital 
DA — Digital to Analog 
DM — Digital Monolithic 
LF - Linear FET 
LH — Linear Hybrid 
LM — Linear Monolithic 
LX — Transducer 
MM — MOS Monolithic 
TBA — Linear Monolithic 


Devices are listed in the table of contents alpha-numerically by device family (LH, LM, LX, etc.) and then by device number. 
With most of National's proprietary linear circuits, a 1-2-3 numbering system is employed. The 1 denotes a Military temperature 
range device (-55°C to +125°C), the 2 denotes an Industrial temperature range device (-25° C to +85°C), and the 3 denotes a 
Commercial temperature range device (0°C to +70°C), i.e. LM101/LM201/LM301. 

Exceptions to this are the LM1800 series of consumer circuits, which are specified for the commercial temperature range; 
some hybrid circuits which employ a "C" suffix to denote the commercial temperature range; and second-source products 
which follow the original manufacturers numbering system, i.e. LM741/LM741C or LM1414/LM1514. 

Parts are generally listed in the table of contents by military part number first, i.e. LM139/LM239/LM339. Where a separate 
data sheet exists for a different temperature range, the device will be listed separately, i.e. LM119/LM219 and listed separately 
LM319. Where only one temperature range exists, the part will be listed in its proper order, i.e. LM340. 
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Alpha-Numerical Index 

Section 1— Voltage Regulators 1 

/ 

Voltage Regulator Guide 

Precision Regulator Guide. 

Definition of Terms 

Fixed or Adjustable Voltage Regulators ; . 

LM104/L.M204/LM304 Negative Regulator. 

LM105/LM205/LM305/LM305A, LM376 Voltage Regulators. 

LM109/LM209/LM309 5-Volt Regulator. 

LM117/LM217/LM317 3-Terminal Adjustable Regulator. 

LM117HV/LM217HV/LM317HV High Voltage 3-Terminal Adjustable Regulator. ...... 

LM120 Series 3-Terminal Negative Regulators ...... 

LM123/LM223/LM323 3 Amp, 5 Volt Positive Regulator. 

LM125/LM325/LM325A, LM126/LM326 Voltage Regulators 

LM130/LM330 3-Terminal Positive Regulators 

LM137/LM237/LM337 3-Terminal Adjustable Negative Regulators 

LM137HV/LM237HV/LM337HV 3-Terminal Adjustable 

Negative Regulators (High Voltage) 

LM138/LM238/LM338 5 Amp Adjustable Power Regulators . .‘ : . . . 

LM140A/LM140/LM340A/LM340 Series 3-Terminal Positive Regulators 

LM140L/LM340L Series 3-Terminal Positive Regulators 

LM145/LM245/LM345 Negative Three Amp Regulator. 

LM150/LM250/LM350 3 Amp Adjustable Power Regulators 

LM320L/LM320ML Series 3-Terminal Negative Regulators. 

LM341 Series 3-Terminal Positive Regulators. 

LM342 Series 3-Terminal Positive Regulators. 

LM723/LM723C Voltage Regulator. . 

LM1524/LM2524/LM3524 Regulating Pulse Width Modulator. 

LM2930 3-Terminal Positive Regulator. 

LM78XX Series Voltage Regulators 

LM78LXX Series 3-Terminal Positive Regulators 

LM78MXX Series 3-Terminal Positive Regulators 

LM79XX Series 3-Terminal Negative Regulators. 

LM79LXXAC Series 3-Terminal Negative Regulators 

LM79MXX Series 3-Terminal Negative Regulators 

tFor additional information, see National Semiconductor’s Voltage Regulator Handbook. 

Section 2— Voltage References 

Voltage Reference Guide 

Voltage Reference and Precision Reference Guides 

LH0070 Series Precision BCD Buffered Reference 

LH0071 Series Precision Binary Buffered Reference 

LH0075 Positive Precision Programmable Regulator 

LH0076 Negative Precision Programmable Regulator 

LM103 Reference Diode 

LM113/LM313 Reference Diode 

LM129/LM329 Precision Reference 

LM136/LM236/LM336 2.5V Reference Diode.. 

LM185/LM285/LM385 Voltage Reference Diode 

LM199/LM299/LM399 Precision Reference 

LM199A/LM299A/LM399A Precision Reference 

LM3999 Precision Reference 
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Section 3— Operational Amplifiers/Buffers* 

BI-FET™/BI-FET II™ Op Amp Selection Guide. 3-v 

Military Op Amp Selection Guide 3-vii 

Industrial Op Amp Selection Guide 3-ix 

Commercial Op Amp Selection Guide 3-x 

Special Function Operational and Special Function Buffer 

Amplifier Guides 3-xii 

Definition of Terms . 3-xiii 

LF155/LF156/LF157 Series Monolithic JFET Input Operational Amplifiers 3-1 

LF347 Wide Bandwidth Quad JFET Input Operational Amplifier 3-14 

LF351 Wide Bandwidth JFET Input Operational Amplifier. 3-22 

LF353 Wide Bandwidth Dual JFET Input Operational Amplifier. 3-29 

LF13741 Monolithic JFET Input Operational Amplifier. 3-38 

LM10/LM10B(L)/LM10C(L) Op Amp and Voltage Reference. 3-49 

LM101A/LM201A/LM301A Operational Amplifiers 3-65 

LH2101 A/LH2201 A/LH2301 A Dual High Performance Op Amp. 3-72 

LM102/LM202/LM302 Voltage Followers 3-74 

LM107/LM207/LM307 Operational Amplifiers. i 3-79 

LM108/LM208/LM308 Operational Amplifiers . . r 3-83 

LM108A/LM208A/LM308A, LM308A-1, LM308A-2 Operational Amplifiers. 3-88 

LH21 08/LH2208/LH2308, LH2108A/LH2208A/LH2308A 

Dual Super Beta Op Amp 3-93 

LM110/LM210/LM310 Voltage Follower. , 3-95 

LM112/LM212/LM312 Operational Amplifiers 3-102 

LM118/LM218/LM318 Operational Amplifiers 3-106 

LM124/LM224/LM324, LM124A/LM224A/LM324A, LM2902 

Low Power Quad Operational Amplifiers 3-113 

LM143/LM343 High Voltage Operational Amplifier. 3-122 

LM144/LM344 High Voltage, High Slew Rate Operational Amplifier. 3-129 

LM146/LM246/LM346 Programmable Quad Operational Amplifiers 3-135 

LM148, LM149 Series Quad 741 Op Amps 3-147 

LM158/LM258/LM358, LM158A/LM258A/LM358A, LM2904 

Low Power Dual Operational Amplifiers 3-157 

LM159/LM359 Dual, High Speed, Programmable, 

Current Mode (Norton) Amplifiers 3-167 

LM192/LM292/LM392, LM2924 Low Power Operational 

Amplifier/Voltage Comparator. ’ 3-183 

LM216/LM316, LM216A/LM316A Operational Amplifiers 3-187 

LM709/LM709A/LM709C Operational Amplifier. 3-190 

LM725/LM725A/LM725C (instrumentation) Operational Amplifier 3-194 

LM733/LM733C Differential Video Amp 3-198 

LM741/LM741A/LM741C/LM741E Operational Amplifier. 3-202 

LM747/LM747A/LM747C/LM747E Dual Operational Amplifiers ,3-205 

LM748/LM748C Operational Amplifier. 3-210 

LM1558/LM1458 Dual Operational Amplifier. i . 3-213 

LM2900/LM3900, LM3301, LM3401 Quad Amplifiers 3-215 

LM4250/LM4250C Programmable Operational Amplifier. — ............ 3-224 

LH 24250/LH 24250C Dual Programmable Micropower Op Amp 3-229 

LM13080 Programmable Power Op Amp 3-231 

LH0002/LH0002C Current Amplifier 3-238 

LH0021/LH0021C 1.0 Amp Power Operational Amplifier 3-241 

LH0041/LH0041C 0.2 Amp Power Operational Amplifier 3-241 

LH0022/LH0022C High Performance FET Op Amp. 3-248 

LH0042/LH0042C Low Cost FET Op Amp. 3-248 

LH0052/LH0052C Precision FET Op Amp. . '. 3-248 

tFor additional information, see National Semiconductor’s Special Functions Databook. 
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Section 3 — Operational Amplifiers/Buffers* (Continued) 

LH0024/LH0024C High Slew Rate Operational Amplifier.'. ., 3-255 

LH0032/LH0032C Ultra Fast FET Operational Amplifier 3-258 

LH0033/LH0033C, LH0063/LH0063C Fast and Damn Fast Buffer Amplifiers. . . . 3-263 

LH0044 Series Precision Low Noise Operational Amplifiers 3-274 

LH0045/LH0045C Two Wire Transmitter 3-280 

LH0061 /LH0061 C 0.5 Amp Wide Band Operational Amplifier 3-291 

LH0062/LH0062C High Speed FET Operational Amplifier 3-294 

LH21 1 0/LH221 0/LH231 0 Dual Voltage Follower 3-300 

tFor additional information, see National Semiconductor’s Special Functions Databook. 

Section 4— Instrumentation Amplifiers* 

Special Function’ Instrumentation Amplifier Guide 4-iii 

Definition of Terms . . 4-iv 

LF152/LF352 FET Input Instrumentation Amplifier. 4-1 

LM121/LM221/LM321, LM121A/LM221A/LM321A Precision Preamplifiers. 4-11 

LH0036/LH0036C Instrumentation Amplifier. 4-19 

LH0038/LH0038C True Instrumentation Amplifier. 4-27 

LH0084/LH0084C Digitally Programmable Gain Instrumentation Amplifier. 4-38 

tFor additional information, see National Semiconductor’s Special Functions Databook. 

Section 5— Voltage Comparators 

Voltage Comparator Guide 5-iii 

Definition of Terms 5-iv 

LF111/LF211/LF311 Voltage Comparators 5-1 

LH21 1 1/LH221 1/LH231 1 Dual Voltage Comparator 5-7 

LM106/LM206/LM306 Voltage Comparator. 5-9 

LM111/LM211 Voltage Comparator. 5-12 

LM119/LM219/LM319 High Speed Dual Comparator. . 5-18 

LM139/LM239/LM339, LM139A/LM239A/LM339A, LM2901, LM3302 

Low Power Low Offset Voltage Quad Comparators j 5-23 

LM160/LM260/LM360 High Speed Differential Comparator. — — . . — 5-31 

LM161/LM261/LM361 High Speed Differential Comparators 5-34 

LM193/LM293/LM393, LM193A/LM293A/LM393A, LM2903 

Low Power Low Offset Voltage Dual Comparators. 5-37 

LM311 Voltage Comparator. 5-44 

1 LM710/LM710C Voltage Comparator. — 5-52 

LM711/LM711C Dual Comparator. . . . . 5-55 

LM1514/LM1414 Dual Differential Voltage Comparator. 5-58 

Section 6— Analog Switches* 

s 

Analog Switches/Multiplexers Selection Guide 6-iii 

Hybrid Analog Switch Selection Guide 6-iv 

Definition of Terms 6-iv 

LF11331/LF13331 4 Normally Open Switches With Disable 6-1 

LF11 332/ LF1 3332 4 Normally Closed Switches With Disable. 6-1 

LF11333/LF13333 2 Normally Closed Switches and 2 Normally 

Open Switches With Disable 6-1 

LF11201/LF13201 4 Normally Closed Switches. . . . . . 6-1 

LF11202/LF13202 4 Normally Open Switches 6-1 

LF11 508/ LF1 3508 8-Channel Analog Multiplexer. 6-11 

LF11509/LF13509 4-Channel Differential Analog Multiplexer. 6-11 

tFor additional information, see National Semiconductor’s Special Functions Databook and FET 
Databbok. 
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Section 7— Sample and Hold* 

Sample and Hold Amplifier Guide 7-iii 

Definition of Terms. . — .... 7-iv 

LF198/LF298/LF398, LF198A/LF398A Monolithic Sample and Hold Circuits. 7-1 

tFor additional information, see National Semiconductor’s Special Functions Databook. 

Section 8— A to D, D to A* 

AID Converter/DVM Selection Guide — . . .... ... . 8-iii 

D/A Converter Selection Guide. . 8-iv 

General Data Acquisition System Block Diagram/Part Numbering System 8-v 

Definition of Terms 8-vi 

AD7520/AD7530/AD7533 10-Bit Binary Multiplying D/A Converter. 8-1 

AD7521/AD7531 12-Bit Binary Multiplying D/A Converter. 8-1 

ADB1200 (MM5863) 12-Bit Binary A/D Building Block. 8-3 

ADC0800 (MM4357B/MM5357B) 8-Bit AID Converter. 8-10 

ADC0801, ADC0802, ADC0803, ADC0804 8-Bit /xP 

Compatible AID Converters 8-21 

ADC0808, ADC0809 8-Bit /*P Compatible AID Converters with 

8-Channel Multiplexer 8-45 

ADC0816, ADC0817 8-Bit /*P Compatible AID Converters with 

16-Channel Multiplexer 8-56 

ADC1210, ADC1211 12-Bit CMOS AID Converters. 8-67 

DAC0800 (LMDAC08) 8-Bit Digital-to-Analog Converter. 8-77 

DAC0808, DAC0807, DAC0806 8-Bit D/A Converters. 8-85 

DAC1000 thru DAC1008 10-Bit, fi? Compatible, 

Double-Buffered D to A Converters — 8-92 

DAC1020 10-Bit Binary Multiplying D/A Converter. — 8-114 

DAC1 200/D AC1 201 12-Bit (Binary) Digital-to-Analog Converters :....... 8-124 

DAC1 202/D AC1 203 3-Digit (BCD) Digital-to-Analog Converters 8-124 

DAC1220 12-Bit Binary Multiplying D/A Converter. 8-1 14 

DAC1280, DAC1285 12-Bit (Binary) Digital-to-Analog Converters. 8-131 

DAC1286, DAC1287 3-Digit (BCD) Digital-to-Analog Converters 8-131 

DM2502, DM2503, DM2504 Successive Approximation Registers — 8-139 

LF13300 Integrating AID Analog Building Block. . . . . — . . . . . : — 8-144 

LM131A/LM131, LM231A/LM231, LM331A/LM331 

Precision Voltage-to-Frequency Converters 8-162 

LM1508/LM1408 8-Bit D/A Converter. ; ..... 8-173 

MM54C905/MM74C905 12-Bit Successive Approximation Register. 8-175 

TP3000 CODEC System (TP3001 /^-Law, TP3002 A-Law). 8-180 

LH0091 True RMS to DC Converter 8-193 

LH0094 Multifunction Converter. 8-198 

tFor additional information, see National Semiconductor’s Data Acquisition Handbook. 

Section 9— Industrial/Automotive/Functional Blocks/ 

Telecommunications 

Definition of Terms — .' 9-iv 

LM122/LM222/LM322, LM2905/LM3905 Precision Timers 9-1 

LM134/LM234/LM334 3-Terminal Adjustable Current Sources. 9-13 

LM135/LM235/LM335, LM135A/LM235A/LM335A 

Precision Temperature Sensors — 9-21 

LM555/LM555C Timer. 9-29 

LM556/LM556C Dual Timer. 9-35 

LM565/LM565C Phase Locked Loop. 9-38 

LM566/LM566C Voltage Controlled Oscillator. 9-43 
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Section 9— industrial/Automotive/Functional Blocks/ 

Telecommunications (Continued) 

LM567/LM567C Tone Decoder. 9-46 

LM1014/LM1014A Motor Speed Regulator. 9-50 

LM1801 Smoke Detector. 9-54 

LM1812 Ultrasonic Transceiver. 9-58 

LM1815 Adaptive Sense Amplifier. 9-64 

LM1830 Fluid Detector. 9-67 

LM2877 Dual 4-Watt Power Audio Amplifier. 9-73 

LM2907, LM2917 Frequency to Voltage Converter. 9-79 

LM3080/LM3080A Operational Transconductance Amplifier. 9-92 

LM3909 LED Flasher/Oscillator. 9-96 

LM3911 Temperature Controller. 9-100 

LM3914 Dot/Bar Display Driver. 9-107 

LM3915 Dot/Bar Display Driver. 9-120 

LM13600/LM13600A/LM11600A Dual Operational Transconductance 
Amplifiers With Linearizing Diodes and Buffers 9-136 

Section 10— Audio, Radio and TV Circuits 

Audio Selection Guide . i 10-iv 

Definition of Terms 10-viii 

LM377 Dual 2 Watt Audjo Amplifier. 10-1 

LM378 Dual 4 Watt Audio Amplifier. 10-6 

LM379 Dual 6 Watt Audio Amplifier. r 10-10 

LM380 Audio Power Amplifier. 10-14 

LM381/LM381A Low Noise Dual Preamplifier. 10-18 

LM382 Low Noise Dual Preamplifier. 10-21 

LM383/LM383A 8 Watt Audio Power Amplifier. 10-24 

LM384 5 Watt Audio Power Amplifier. 10-28 

LM386 Low Voltage Audio Power Amplifier. 10-32 

LM387/LM387A Low Noise Dual Preamplifier. 10-36 

LM388 1.5 Watt Audio Power Amplifier. 10-39 

LM389 Low Voltage Audio Power Amplifier With NPN Transistor Array. 10-44 

LM390 1 Watt Battery Operated Audio Power Amplifier. 10-51 

LM391 Audio Power Driver. 10-56 

LM1011, LM1011A Dolby B-Type Noise Reduction Processor. 10-67 

LM1017 4-Bit Binary 7-Segment Decoder/Driver. 10-70 

LM1019N Digital Tuning Station Detector. ; 10-74 

LM1303 Stereo Preamplifier. 10-77 

LM1310 Phase-Locked Loop FM Stereo Demodulator. 10-79 

LM1391 Phase-Locked Loop Block 10-81 

LM 1 596/ LM 1496 Balanced Modulator-Demodulator. 10-84 

LM1800 Phase-Locked Loop FM Stereo Demodulator. 10-88 

LM1818 Electronically Switched Audio Tape System 10-90 

LM1828, LM1848 Color Television Chroma Demodulator. 10-99 

LM1870 Stereo Demodulator With Band 10-102 

LM1877 Dual Power Audio Amplifier. 10-108 

LM1880 No-Holds Vertical/Horizontal 10-113 

LM1886 TV Video Matrix D to A. 10-120 

LM1889 TV Video Modulator. 10-125 

LM1896/LM2896 Dual Power Audio Amplifier. 10-134 

LM2000 Audio Driver. 10-141 

LM2001 Low Voltage Audio Driver. 10-147 
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Section 10— Audio, Radio and TV Circuits (Continued) 

LM2002/LM2002A 8 Watt Audio Power Amplifier. 10-152 

LM2808 Monolithic TV Sound System 10-156 

LM3011 Wide Band Amplifier. . 10-160 

LM3064 Television Automatic Fine Tuning. 10-162 

LM3075 FM Detector/Limiter and Audio Preamplifier. 10-164 

LM3089 FM Receiver IF System ....... 10-166 

LM3189 FM Receiver IF System 10-170 

LM3820 AM Radio System . ; , 10-176 

LM4500A High Fidelity FM Stereo Blend Demodulator. 10-180 

TBA120S IF Amplifier and Detector. 10-181 

TBA120U/TBA120T IF Amplifier and Detector. 10-184 

TBA440C Monolithic Video IF Amplifier. 10-188 

TBA510 Chrominance Combination 10-190 

TBA530 RGB Matrix Preamplifier. . . . 10-194 

TBA540 Reference Combination 10-197 

TBA560C Luminance and Chrominance Control Combination 10-201 

TBA920/TBA920S Line Oscillator Combination 10-205 

TBA950-2 Television Signal Processing Circuit 10-208 

TBA970 Television Video Amplifier. 10-212 

TBA990 Color Demodulator. 10-215 

TDA440 Video IF Amplifier. 10-217 

TDA2522 Color Demodulation Combination : 10-221 

TDA2530, TDA2531 R-G-B Matrix Preamplifiers With Clamps 10-223 

TDA2560 Luminance and Chrominance Control Combination 10-226 

TDA2590 Line Oscillator Combination.. * 10-229 

Section 11— Transistor/Diode Arrays 

Transistor/Diode Arrays Selection Guide , 1 1-iii 

LM194/LM394 Supermatch Pair. 11-1 

LM195/LM295/LM395 Ultra Reliable Power Transistors , 11-7 

LM3045, LM3046, LM3086 Transistor Arrays 11-15 

LM3146 High Voltage Transistor Array. ! 11-20 

Section 12— Appendices/Physical Dimensions 

National A+ and B+ Extended Quality and Reliability 

Programs for Linear Circuits 12-1 

M I L-STD-883/M I L-M-38510 12-6 

Linear Cross Reference Guide 12-7 

Industry Package Cross Reference Guide 12-11 

Physical Dimensions — 12-13 


For additional information on Linear Products, see National Semiconductor’s Linear Applications 
Handbook. 
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AD7520 10-Bit Binary Multiplying D/A Converter. 8-1 

AD7521 12-Bit Binary Multiplying D/A Converter. 8-1 

AD7530 10-Bit Binary Multiplying D/A Converter. — 8-1 

AD7531 12-Bit Binary Multiplying D/A Converter. 8-1 

AD7533 10-Bit Binary Multiplying D/A Converter. 8-1 

ADB1200 (MM5863) 12-Bit Binary A/D Building Block 8-3 

ADC0800 (MM4357B/MM5357B) 8-Bit A/D Converter. 8-10 

ADC0801 8-Bit /zP Compatible AID Converter. , . 8-21 

ADC0802 8-Bit /zP Compatible A/D Converter. — 8-21 

ADC0803 8-Bit /zP Compatible A/D Converter. — 8-21 

ADC0804 8-Bit ;zP Compatible A/D Converter. 8-21 

ADC0808 8-Bit /zP Compatible A/D Converter with 8-Channel Multiplexer 8-45 

ADC0809 8-Bit /zP Compatible A/D Converter with 8-Channel Multiplexer 8-45 

ADC0816 8-Bit /xP Compatible A/D Converter with 16-Channel Multiplexer 8-56 

ADC0817 8-Bit /zP Compatible A/D Converter with 16-Channel Multiplexer 8-56 

ADC1210 12-Bit CMOS A/D Converter 8-67 

ADC1211 12-Bit CMOS AID Converter 8-67 

DAC0800 (LMDAC08) 8-Bit Digital-to-Analog Converter. 8-77 

DAC0806 8-Bit D/A Converter 8-85 

DAC0807 8-Bit D/A Converter 8-85 

DAC0808 8-Bit D/A Converter 8-85 

DAC1000 10-Bit, /xP Compatible, Double-Buffered D to A Converter 8-92 

DAC1001 10-Bit, )i? Compatible, Double-Buffered D to A Converter 8-92 

DAC1002 10-Bit, /zP Compatible, Double-Buffered D to A Converter 8-92 

DAC1003 10-Bit, /zP Compatible, Double-Buffered D to A Converter. 8-92 

DAC1004 10-Bit, fiP Compatible, Double-Buffered D to A Converter 8-92 

DAC1005 10-Bit, /zP Compatible, Double-Buffered D to A Converter 8-92 

DAC1006 10-Bit, /zP Compatible, Double-Buffered D to A Converter. 8-92 

DAC1007 10-Bit, /zP Compatible, Double-Buffered D to A Converter 8-92 

DAC1008 10-Bit, /zP Compatible, Double-Buffered D to A Converter 8-92 

DAC1020 10-Bit Binary Multiplying D/A Converter. . . t 8-114 

DAC1200 12-Bit (Binary) Digital-to-Analog Converter 8-124 

DAC1201 12-Bit (Binary) Digital-to-Analog Converter 8-124 

DAC1202 3-Digit (BCD) Digital-to-Analog Converter 8-1 24 

DAC1203 3-Digit (BCD) Digital-to-Analog Converter 8-124 

DAC1220 12-Bit Binary Multiplying D/A Converter. 8-114 

DAC1280 12-Bit (Binary) Digital-to-Analog Converter 8-131 

DAC1285 12-Bit (Binary) Digital-to-Analog Converter 8-131 

DAC1286 3-Digit (BCD) Digital-to-Analog Converter 8-131 

DAC1287 3-Digit (BCD) Digital-to-Analog Converter . 8-131 

DM2502 Successive Approximation Register 8-139 

DM2503 Successive Approximation Register. 8-139 

DM2504 Successive Approximation Register. 8-139 

LF111 Voltage Comparators 5-1 

LF152 FET Input Instrumentation Amplifier. 4-1 

LF155 Series Monolithic JFET Input Operational Amplifiers 3-1 

LF156 Series Monolithic JFET Input Operational Amplifiers 3-1 

LF157 Series Monolithic JFET Input Operational Amplifiers 3-1 

LF198 Monolithic Sample and Hold Circuit 7-1 

LF198A Monolithic Sample and Hold Circuit. V : 7-1 

LF211 Voltage Comparator 5-1 

LF298 Monolithic Sample and Hold Circuit 7-1 

LF311 Voltage Comparator 5-1 

LF347 Wide Bandwidth Quad JFET Input Operational Amplifier 3-14 
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Alpha-Numerical Index (Continued) 

LF351 Wide Bandwidth JFET Input Operational Amplifier 3-22 

LF352 FET Input Instrumentation Amplifier. . 4-1 

LF353 Wide Bandwidth Dual JFET Input Operational Amplifier 3-29 

LF398 Monolithic Sample and Hold Circuit . 7-1 

LF398A Monolithic Sample and Hold Circuit 7-1 

LF11201 4 Normally Closed Switches 6-1 

LF11202 4 Normally Open Switches 6-1 

LF11331 4 Normally Open Switches With Disable. *..... . . . , 6-1 

LF11332 4 Normally Closed Switches With Disable 6-1 

LF11333 2 Normally Closed Switches and 2 Normally Open Switches With Disable 6-1 

LF11508 8-Channel Analog Multiplexer. 6-11 

LF11509 4-Channel Differential Analog Multiplexer. 6-11 

LF13201 4 Normally Closed Switches — 6-1 

LF13202 4 Normally Open Switches 6-1 

LF13300 Integrating A/D Analog Building Block 8-144 

LF13331 4 Normally Open Switches With Disable 6-1 

LF13332 4 Normally Closed Switches With Disable 6-1 

LF13333 2 Normally Closed Switches and 2 Normally Open Switches With Disable 6-1 

LF13741 Monolithic JFET Input Operational Amplifier. 3-38 

LH0002 Current Amplifier. 3-238 

LH0002C Current Amplifier. .= 3-238 

LH0021 1.0 Amp Power Operational Amplifier. 3-241 

LH0021C 1.0 Amp Power Operational Amplifier. 3-241 

LH0022 High Performance FET Op Amp 3-248 

LH0022C High Performance FET Op Amp. 3-248 

LH0024 High Slew Rate Operational Amplifier. 3-255 

LH0024C High Slew Rate Operational Amplifier. 3-255 

LH0032 Ultra Fast FET Operational Amplifier. 3-258 

LH0032C Ultra Fast FET Operational Amplifier. 3-258 

LH0033 Fast and Damn Fast Buffer Amplifier 3-263 

LH0033C Fast and Damn Fast Buffer Amplifier 3-263 

LH0036 Instrumentation Amplifier. 4-19 

LH0036C Instrumentation Amplifier. 4-19 

LH0038 True Instrumentation Amplifier. 4-27 

LH0038C True Instrumentation Amplifier. — 4-27 

LH0041 0.2 Amp Power Operational Amplifier. 3-241 

LH0041C 0.2 Amp Power Operational Amplifier. 3-241 

LH0042 Low Cost FET Op Amp. . . . . . . . , 3-248 

LH0042C Low Cost FET Op Amp 3-248 

LH0044 Series Precision Low Noise Operational Amplifiers 3-274 

LH0045 Two Wire Transmitter 3-280 

LH0045C Two Wire Transmitter. 3-280 

LH0052 Precision FET Op Amp. 3-248 

LH0052C Precision FET Op Amp 3-248 

LH0061 0.5 Amp Wide Band Operational Amplifier. , . 3-291 

LH0061C 0.5 Amp Wide Band Operational Amplifier. : 3-291 

LH0062 High Speed FET Operational Amplifier 3-294 

LH0062C High Speed FET Operational Amplifier. 3-294 

LH0063 Fast and Damn Fast Buffer Amplifier ! 3-263 

LH0063C Fast and Damn Fast Buffer Amplifier 3-263 

LH0070 Series Precision BCD Buffered Reference 2-1 

LH0071 Series Precision Binary Buffered Reference 2-1 

LH0075 Positive Precision Programmable Regulator. 2-5 

LH0076 Negative Precision Programmable Regulator 2-10 

LH0084 Digitally Programmable Gain Instrumentation Amplifier. 4-38 
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Alpha-Numerical Index (Continued) 


LH0084C Digitally Programmable Gain Instrumentation Amplifier. 

LH0091 True RMS to DC Converter 

LH0094 Multifunction Converter 

LH2101 A Dual High Performance Op Amp 

LH2108 Dual Super Beta Op Amp. 

LH2108A Dual Super Beta Op Amp 

LH2110 Dual Voltage Follower 

LH2111 Dual Voltage Comparator. 

LH2201A Dual High Performance Op Amp 

LH2208 Dual Super Beta Op Amp 

LH2208A Dual Super Beta Op Amp 

LH2210 Dual Voltage Follower. 

LH2211 Dual Voltage Comparator — . 

LH2301A Dual High Performance Op Amp 

LH2308 Dual Super Beta Op Amp 

LH2308A Dual Super Beta Op Amp 

LH2310 Dual Voltage Follower 

LH2311 Dual Voltage Comparator 

LH24250 Dual Programmable Micropower Op Amp 

LH24250C Dual Programmable Micropower Op Amp 

LM10 Op Amp and Voltage Reference 

LMIOB(L) Op Amp and Voltage Reference 

LMIOC(L) Op Amp and Voltage Reference 

LM101A Operational Amplifier 

LM102 Voltage Follower 

LM103 Reference Diode 

LM104 Negative Regulator. 

LM105 Voltage Regulator 

LM106 Voltage Comparator. 

LM107 Operational Amplifier. 

LM108 Operational Amplifier 

LM108A Operational Amplifier 

LM109 5-Volt Regulator. 

LM110 Voltage Follower. 

LM111 Voltage Comparator. 

LM112 Operational Amplifier 

LM113 Reference Diode 

LM117 3-Terminal Adjustable Regulator. 

LM117HV High Voltage 3-Terminal Adjustable Regulator. 

LM118 Operational Amplifier. 

LM119 High Speed Dual Comparator. , 

LM120 Series 3-Terminal Negative Regulators 

LM121 Precision Preamplifier 

LM121A Precision Preamplifier 

LM122 Precision Timer 

LM123 3 Amp, 5 Volt Positive Regulator. 

LM124 Low Power Quad Operational Amplifier 

LM124A Low Power Quad Operational Amplifier 

LM125 Voltage Regulator. ' 

LM126 Voltage Regulator. 

LM129 Precision Reference 

LM130 3-Terminal Positive Regulator 

LM131 Precision Voltage-to-Frequency Converter. 

LM131A Precision Voltage-to-Frequency Converter 

LM134 3-Terminal Adjustable Current Source 


4- 38 
8-193 
8-198 

3-72 

3-93 

3-93 

3-300 

5-7 

3-72 

3-93 

3-93 

3-300 

5-7 

3-72 

3-93 

3-93 

3-300 

5-7 

3-229 

3-229 

3-49 

3-49 

3-49 

3-65 

3-74 

2- 15 
1-2 
1-5 
5-9 

3- 79 
3-83 
3-88 
1-10 

3- 95 

5- 12 
3-102 

2-18 

1-15 

1-23 

3-106 

5-18 

1-31 

4- 11 
4-11 

9-1 

1-39 

3-113 

3-113 

1-43 

1- 43 

2 - 21 
1-50 

8-162 

8-162 

9-13 
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Alpha-Numerical Index (Continued) 


LM135 Precision Temperature Sensor 

LM135A Precision Temperature Sensor. 

LM136 2.5 V Reference Diode 

LM137 3-Terminal Adjustable Negative Regulators 

LM137HV 3-Terminal Adjustable Negative Regulator (High Voltage) 

LM138 5 Amp Adjustable Power Regulators 

LM139 Low Power Low Offset Voltage Quad Comparator. 

LM139A Low Power Low Offset Voltage Quad Comparator. 

LM140 Series 3-Terminal Positive Regulators 

LM140A Series 3-Terminal Positive Regulators 

LM140L Series 3-Terminal Positive Regulators 

LM143 High Voltage Operational Amplifier. 

LM144 High Voltage, High Slew Rate Operational Amplifier. 

LM145 Negative Three Amp Regulator. 

LM146 Programmable Quad Operational Amplifier 

LM148 Series Quad 741 Op Amps 

LM149 Series Quad 741 Op Amps 

LM150 3 Amp Adjustable Power Regulator 

LM158 Low Power Dual Operational Amplifier 

LM158A Low Power Dual Operational Amplifier 

LM159 Dual, High Speed, Programmable Current Mode (Norton) Amplifier. 

LM160 High Speed Differential Comparator 

LM161 High Speed Differential Comparator. — 

LM185 Voltage Reference Diode 

LM192 Low Power Operational Amplifier/Voltage Comparator. 

LM193 Low PoWer Low Offset Voltage Dual Comparator. 

LM193A Low Power Low Offset Voltage Dual Comparator. 

LM194 Supermatch Pair. 

LM195 Ultra Reliable Power Transistor 

LM199 Precision Reference 

LM199A Precision Reference 

LM201A Operational Amplifier 

LM202 Voltage Follower 

LM204 Negative Regulator. 

LM205 Voltage Regulator 

LM206 Voltage Comparator. . 

LM207 Operational Amplifier 

LM208 Operational Amplifier 

LM208A Operational Amplifier 

LM209 5-Volt Regulator. 

LM210 Voltage Follower. 

LM211 Voltage Comparator. — 

LM212 Operational Amplifier 

LM216 Operational Amplifier. 

LM216A Operational Amplifier. 

LM217 3-Terminal Adjustable Regulator. 

LM217HV High Voltage 3-Terminal Adjustable Regulator. 

LM218 Operational Amplifier 

LM219 High Speed Dual Comparator. 

LM221 Precision Preamplifier 

LM221A Precision Preamplifier 

LM222 Precision Timer 

LM223 3 Amp, 5 Volt Positive Regulator. / 

LM224 Low Power Quad Operational Amplifier 

LM224A Low Power Quad Operational Amplifier 


9-21 

9-21 

2-26 

1-56 

1-61 

1-66 

5-23 

5-23 

1-74 

1-74 

1-82 

3-122 

3-129 

1-85 

3-135 

3-147 

3-147 

1- 89 
3-157 
3-157 
3-167 

5-31 

5-34 

2- 32 
3-183 

5-37 

5-37 

11-1 

11-7 

2-38 

2- 44 

3- 65 
3-74 

1-2 

1-5 

5-9 

3-79 

3-83 

3-88 

1-10 

3- 95 
5-12 

3-102 

3-187 

3-187 

1-15 

1-23 

3-106 

5-18 

4- 11 
4-11 

9-1 

1-39 

3-113 

3-113 
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Alpha-Numerical Index (Continued) 

LM231 Precision Voltage-to-Frequency Converter. 8-162 

LM231A Precision Voltage-to-Frequency Converter. 8-162 

LM234 3-Terminal Adjustable Current Source 9-13 

LM235 Precision Temperature Sensor 9-21 

LM235A Precision Temperature Sensor 9-21 

LM236 2.5V Reference Diode 2-26 

LM237 3-Terminal Adjustable Negative Regulator 1-56 

LM237HV 3-Terminal Adjustable Negative Regulator (High Voltage) 1-61 

LM238 5 Amp Adjustable Power Regulator ! 1-66 

LM239 Low Power Low Offset Voltage Quad Comparator. 5-23 

LM239A Low Power Low Offset Voltage Quad Comparator. 5-23 

LM245 Negative Three Amp Regulator. 1-85 

LM246 Programmable Quad Operational Amplifier 3-135 

LM250 3 Amp Adjustable Power Regulator 1-89 

LM258 Low Power Dual Operational Amplifier 3-157 

LM258A Low Power Dual Operational Amplifier 3-157 

LM260 High Speed Differential Comparator. 5-31 

LM261 High Speed Differential Comparator. 5-34 

LM285 Voltage Reference Diode 2-32 

LM292 Low Power Operational Amplifier/Voltage Comparator. 3-183 

LM293 Low Power Low Offset Voltage Dual Comparator. 5-37 

LM293A Low Power Low Offset Voltage Dual Comparator. 5-37 

LM295 Ultra Reliable Power Transistor 11-7 

LM299 Precision Reference 2-38 

LM299A Precision Reference 2-44 

LM301A Operational Amplifier 3-65 

LM302 Voltage Follower 3-74 

LM304 Negative Regulator. 1-2 

LM305 Voltage Regulator 1-5 

LM305A Voltage Regulator 1-5 

LM306 Voltage Comparator. 5-9 

LM307 Operational Amplifier 3-79 

LM308 Operational Amplifier. 3-83 

LM308A Operational Amplifier 3-88 

LM308A-1 Operational Amplifier . 3-88 

LM308A-2 Operational Amplifier — 3-88 

LM309 5-Volt Regulator. 1-10 

LM310 Voltage Follower. 3-95 

LM311 Voltage Comparator. 5-44 

LM312 Operational Amplifier 3-102 

LM313 Reference Diode 2-18 

LM316 Operational Amplifier. 3-187 

LM316A Operational Amplifier. 3-187 

LM317 3-Terminal Adjustable Regulator. 1-15 

LM317HV High Voltage 3-Terminal Adjustable Regulator. 1-23 

LM318 Operational Amplifier. 3-106 

LM319 High Speed Dual Comparator. — 5-18 

LM320L Series 3-Terminal Negative Regulators 1-97 

LM320ML Series 3-Terminal Negative Regulators 1-97 

LM321 Precision Preamplifier 4-11 

LM321A Precision Preamplifier 4-11 

LM322 Precision Timer 9-1 

LM323 3 Amp, 5 Volt Positive Regulator. 1-39 

LM324 Low Power Quad Operational Amplifier 3-113 

LM324A Low Power Quad Operational Amplifier 3-113 
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Alpha-Numerical Index (Continued) , ■ 

LM325 Voltage Regulator. 1-43 

LM325A Voltage Regulator! . . 1-43 

LM326 Voltage Regulator. 1-43 

LM329 Precision Reference 2-21 

LM330 3-Terminal Positive Regulator . . . . . 1-50 

LM331 Precision Voltage-to-Frequency Converter. 8-162 

LM331A Precision Voltage-to-Frequency Converter. , 8-162 

LM334 3-Terminal Adjustable Current Source 9-13 

LM335 Precision Temperature Sensor 9-21 

LM335A Precision Temperature Sensor 9-21 

LM336 2.5V Reference Diode 2-26 

LM337 3-Terminal Adjustable Negative Regulator. 1-56 

LM337HV 3-Terminal Adjustable Negative Regulator (High Voltage) 1-61 

LM338 5 Amp Adjustable Power Regulator 1-66 

LM339 Low Power Low Offset Voltage Quad Comparator. . . 5-23 

LM339A Low Power Low Offset Voltage Quad Comparator. 5-23 

LM340 Series 3-Terminal Positive Regulators 1-74 

LM340A Series 3-Terminal Positive Regulators , 1-74 

LM340L Series 3-Terminal Positive Regulators. . . 1-82 

LM341 Series 3-Terminal Positive Regulators 1-103 

LM342 Series 3-Terminal Positive Regulators 1-106 

LM343 High Voltage Operational Amplifier. 3-122 

LM344 High Voltage, High Slew Rate Operational Amplifier. 3-129 

LM345 Negative Three Amp Regulator. , 1-85 

LM346 Programmable Quad Operational Amplifier 3-135 

LM350 3 Amp Adjustable Power Regulator ! 1-89 

LM358 Low Power Dual Operational Amplifier 3-157 

LM358A Low Power Dual Operational Amplifier 3-157 

LM359 Dual, High Speed, Programmable Current Mode 

(Norton) Amplifiers 3-167 

LM360 High Speed Differential Comparator. 5-31 

LM361 High Speed Differential Comparator. 5-34 

LM376 Voltage Regulator. 1-5 

LM377 Dual 2 Watt Audio Amplifier. 10-1 

LM378 Dual 4 Watt Audio Amplifier. 10-6 

LM379 Dual 6 Watt Audio Amplifier. ; y 10-10 

LM380 Audio Power Amplifier. 10-14 

LM381 Low Noise Dual Preamplifier. 10-18 

LM381A Low Noise Dual Preamplifier. 10-18 

LM382 Low Noise Dual Preamplifier. ... 10-21 

LM383 8 Watt Audio Power Amplifier. 10-24 

LM383A 8 Watt Audio Power Amplifier. 10-24 

LM384 5 Watt Audio Power Amplifier. . . ! 10-28 

. LM385 Voltage Reference Diode 2-32 

LM386 Low Voltage Audio Power Amplifier. 10-32 

LM387 Low Noise Dual Preamplifier. 10-36 

LM387A Low Noise Dual Preamplifier. 10-36 

LM388 1.5 Watt Audio Power Amplifier. 10-39 

LM389 Low Voltage Audio Power Amplifier With NPN Transistor Array. 10-44 

LM3901 Watt Battery Operated Audio Power Amplifier. 10-51 

LM391 Audio Power Driver. 10-56 

LM392 Low Power Operational Amp'lifier/Voltage Comparator. 3-183 

LM393 Low Power Low Offset Voltage Dual Comparator. 5-37 

LM393A Low Power Low Offset Voltage Dual Comparator. — 5-37 

LM394 Supermatch Pair. 11-1 
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Alpha-Numerical Index (Continued) 


LM395 Ultra Reliable Power Transistor 11-7 

LM399 Precision Reference 2-38 

LM399A Precision Reference . 2-44 


LM555 Timer. 

LM555C Timer. 

LM556 Dual Timer. 

LM556C Dual Timer. 

LM565 Phase Locked Loop 

LM565C Phase Locked Loop 

LM566 Voltage Controlled Oscillator. 

LM566C Voltage Controlled Oscillator. 

LM567 Tone Decoder. 

LM567C Tone Decoder. 

LM709 Operational Amplifier. 

LM709A Operational Amplifier. 

LM709C Operational Amplifier. 

LM710 Voltage Comparator. 

LM710C Voltage Comparator. 

LM711 Dual Comparator. 

LM711C Dual Comparator. 

LM723 Voltage Regulator. 

LM723C Voltage Regulator. 

LM725 (Instrumentation) Operational Amplifier 

LM725A (Instrumentation) Operational Amplifier 

LM725C (Instrumentation) Operational Amplifier 

LM733 Differential Video Amp 

LM733C Differential Video Amp 

LM741 Operational Amplifier. 

LM741A Operational Amplifier. 

LM741C Operational Amplifier. 

LM741E Operational Amplifier. 

LM747 Dual Operational Amplifier. 

LM747A Dual Operational Amplifier. 

LM747C Dual Operational Amplifier. 

LM747E Dual Operational Amplifier. 

LM748 Operational Amplifier. 

LM748A Operational Amplifier 

LM78XX Series Voltage Regulators 

LM78LXX Series 3-Terminal Positive Regulators 

LM78MXX Series 3-Terminal Positive Regulators 

LM79XX Series 3-Terminal Negative Regulators 

LM79LXXAC Series 3-Terminal Negative Regulators. . 

LM79MXX Series 3-Terminal Negative Regulators 

LM1011 Dolby B-Type Noise Reduction Processor. 

LM1011A Dolby B-Type Noise Reduction Processor. . . 

LM1014 Motor Speed Regulator. 

LM1014A Motor Speed Regulator. 

LM1017 4-Bit Binary 7-Segment Decoder/Driver. 

LM1019N Digital Tuning Station Detector. 

LM1303 Stereo Preamplifier. ! . 

LM1310 Phase Locked Loop FM Stereo Demodulator. 

LM1391 Phase Locked Loop Block 

LM1408 8-Bit D/A Converter. 

LM1414 Dual Differential Voltage Comparator. 

LM1458 Dual Operational Amplifier. 


9-29 
9-29 
9-35 
9-35 
9-38 
9-38 
9-43 
9-43 
9-46 
9-46 
3-190 
3-190 
3-190 
5-52 
5-52 
5-55 
5-55 
: 1-110 
1-110 
3-194 
3-194 
3-194 
3-198 
3-198 
3-202 
3-202 
3-202 
3-202 
3-205 
3-205 
3-205 
3-205 
3-210 
3-210 
1-136 
1-139 
1-145 
1-148 
1-153 
1-157 
10-67 
10-67 
9-50 
9-50 
10-70 
10-74 
10-77 
10-79 
10-81 
8-173 
5-58 
3-213 
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Alpha-Numerical Index (Continued) 

LM1496 Balanced Modulator-Demodulator. — ........ 10-84 

LM1508 8-Bit D/A Converter. 8-173 

LM1514 Dual Differential Voltage Comparator. 5-58 

LM1524 Regulating Pulse Width Modulator — 1-115 

LM1558 Dual Operational Amplifier. 3-213 

LM1596 Balanced Modulator-Demodulator. . — .... 10-84 

LM1800 Phase Locked Loop FM Stereo Demodulator. 10-88 

LM1801 Smoke Detector. 9-54 

LM1812 Ultrasonic Transceiver. 9-58 

LM1815 Adaptive Sense Amplifier. 9-64 

LM1818 Electronically Switched Audio Tape System .... 10-90 

LM1828 Color Television Chroma Demodulator. ' 10-99 

LM1830 Fluid Detector. 9-67 

LM1848 Color Television Chroma Demodulator. -. 10-99 

LM1870 Stereo Demodulator with Blend. 10-102 

LM1877 Dual Power Audio Amplifier. 10-108 

LM1880 No-Holds Vertical/Horizontal 10-113 

LM1886 TV Video Matrix D to A. ..... 10-120 

LM1889 TV Video Modulator. 10-125 

LM1 896/ LM 2896 Dual Power Audio Amplifier. 10-134 

LM2000 Low Voltage Audio Driver. — 10-141 

LM2001 Low Voltage Audio Driver. 10-147 

LM2002 8-Watt Audio Power Amplifier. 10-152 

LM2002A 8-Watt Audio Power Amplifier 10-152 

LM2524 Regulating Pulse Width Modulator 1-115 

LM2808 Monolithic TV Sound System 10-156 

LM2877 Dual 4-Watt Power Audio Amplifier 9-73 

LM2900 Quad Amplifier 3-215 

LM2901 Low Power Low Offset Voltage Quad Comparator 5-23 

LM2902 Low Power Quad Operational Amplifier 3-113 

LM2903 Low Power Low Offset Voltage Dual Comparator. 5-37 

LM2904 Low Power Dual Operational Amplifier. 3-157 

LM2905 Precision Timer. — .......... 9-1 

LM2907 Frequency to Voltage Converter. — 9-79 

LM2917 Frequency to Voltage Converter. 9-79 

LM2924 Low. Power Operational Amplifier/Voltage Comparator. : . 3-183 

LM2930 3-Terminal Positive Regulator. 1-130 

LM3011 Wide Band Amplifier. 10-160 

LM3045 Transistor Array . v 11-15 

LM3046 Transistor Array .:. . . . — — 11-15 

LM3064 Television Automatic Fine Tuning ... . . ; . . — 10-162 

LM3075 FM Detector/Limiter and Audio Preamplifier. 10-164 

LM3080 Operational Transconductance Amplifier. . — — 9-92 

LM3080A Operational Transconductance Amplifier. 9-92 

LM3086 Transistor Array. 11-15 

LM3089 FM Receiver IF System. — 10-166 

LM3146 High Voltage Transistor Array. 11-20 

LM3189 FM Receiver IF System 10-170 

LM3301 Quad Amplifier 3-215 

LM3302 Low Power Low Offset Voltage Quad Comparator. ! ; — . 5-23 

LM3401 Quad Amplifier 3-21,5 

LM3524 Regulating Pulse Width Modulator 1-115 

LM3820 AM Radio System 10-176 

LM3900 Quad Amplifier — ... . 3-215 

LM3905 Precision Timer 9-1 


16 




Alpha-Numerical Index (continued) 

LM3909 LED Flasher/Oscillator. 9-96 

LM3911 Temperature Controller. 9-100 

LM3914 Dot/Bar Display Driver. 9-107 

LM3915 Dot/Bar Display Driver 9-120 

LM3999 Precision Reference 2-47 

LM4250 Programmable Operational Amplifier. 3-224 

LM4250C Programmable Operational Amplifier. 3-224 

LM4500A High Fidelity FM Stereo Blend Demodulator 10-180 

LM11600A Dual Operational Transconductance Amplifier 

With Linearizing Diodes and Buffers 9-136 

LM13080 Programmable Power Op Amp 3-231 

LM13600 Dual Operational Transconductance Amplifier 

With Linearizing Diodes and Buffers 9-136 

LM13600A Dual Operational Transconductance Amplifier 

With Linearizing Diodes and Buffers 9-136 

MM54C905 12-Bit Successive Approximation Register. 8-175 

MM74C905 12-Bit Successive Approximation Register. 8-175 

TBA120S IF Amplifier and Detector. 10-181 

TBA120T IF Amplifier and Detector. : 10-184 

TBA120U IF Amplifier and Detector. 10-184 

TBA440C Monolithic Video IF Amplifier. 10-188 

TBA510 Chrominance Combination 10-190 

TBA530 RGB Matrix Preamplifier. 10-194 

TBA540 Reference Combination : 10-197 

TBA560C Luminance and Chrominance Control Combination. 10-201 

TBA920 Line Oscillator Combination , ! 10-205 

TBA920S Line Oscillator Combination 10-205 

TBA950-2 Television Signal Processing Circuit 10-208 

TBA970 Television Video Amplifier. 10-212 

TBA990 Color Demodulator. 10-215 

TDA440 Video IF Amplifier. 10-217 

TDA2522 Color Demodulation Combination 10-221 

TDA2530 R-G-B Matrix Preamplifier With Clamps 10-223 

TDA2531 R-G-B Matrix Preamplifier With Clamps 10-223 

TDA2560 Luminance and Chrominance Control Combination 10-226 

TDA2590 Line Oscillator Combination 10-229 

TP3000 CODEC System 8-180 

TP3001 /-i-Law. 8-180 

TP3002 A- Law. 8-180 
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Section 1 

Voltage Regulators 






Voltage Regulators f 


Section Contents 


Voltage Regulator Guide 1-iii 

Precision Regulator Guide 1-vii 

Definition of Terms 1-viii 

Fixed or Adjustable Voltage Regulators 1-1 

Positive 3-Terminal Fixed 

LM 1 09/LM209/LM309 5-Volt Regulator 1-10 

LM123/LM223/LM323 3 Amp, 5 Volt Positive Regulator 1-39 

LM130/LM330 3-Terminal Positive Regulators. 1-50 

LM 1 40A/LM 1 40/LM340A/LM340 Series 3-Terminal Positive Regulators 1-74 

LM140L/LM340L Series 3-Terminal Positive Regulators 1-82 

LM341 Series 3-Terminal Positive Regulators 1-103 

LM342 Series 3-Terminal Positive Regulators 1-106 

LM2930 3-Terminal Positive Regulator. 1-130 

LM78XX Series Voltage Regulators 1-136 

LM78LXX Series 3-Terminal Positive Regulators. 1-139 

*LM78MXX Series 3-Terminal Positive Regulators 1-145 

Positive 3-Terminal Adjustable 

LM117/LM217/LM317 3-Terminal Adjustable Regulator 1-15 

LM117HV/LM217HV/LM317HV High Voltage 3-Terminal Adjustable Regulator. 1-23 

LM138/LM238/LM338 5 Amp Adjustable Power Regulators 1-66 

LM150/LM250/LM350 3 Amp Adjustable Power Regulators 1-89 

Positive Multi-Terminal Adjustable 

LM105/LM205/LM305/LM305A, LM376 Voltage Regulators 1-5 

LM723/LM723C Voltage Regulator. 1-110 

Negative 3-Terminal Fixed 

LM120 Series 3-Terminal Negative Regulators 1-31 

LM145/LM245/LM345 Negative Three Amp Regulator. 1-85 

LM320ULM320ML Series 3-Terminal Negative Regulators 1-97 

LM79XX Series 3-Terminal Negative Regulators 1-148 

LM79LXXAC Series 3-Terminal Negative Regulators 1-153 

LM79MXX Series 3-Terminal Negative Regulators 1-157 

Negative 3-Terminal Adjustable 

LM137/LM237/LM337 3-Terminal Adjustable Negative Regulators 1-56 

LM137HV/LM237HV/LM337HV 3-Terminal Adjustable 
Negative Regulators (High Voltage) 1-61 

Negative Multi-Terminal Adjustable 

LM104/LM204/LM304 Negative Regulator 1-2 

LM723/LM723C Voltage Regulator 1-110 

Dual Tracking 

LM125/LM325/LM325A Voltage Regulators 1-43 

LM126/LM326 Voltage Regulators. 1-43 

Switching 

LM 1 04/LM204/LM304 Negative Regulator 1-2 

LM723/LM723C Voltage Regulator. 1-110 

LM 1 524/LM2524/LM3524 Regulating Pulse Width Modulator. 1-115 


^For more information See National Semiconductor’s Voltage Regulator Handbook. 
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3-TERMINAL POSITIVE VOLTAGE REGULATORS 


Output 


Available 

v OUT 

Current 

Device 

v OUT 

Tol. 

(A) 


(V) 

(±%) 

5 

LM138, LM238 

1.2 to 32 (Adjustable) 

• N/A 


LM338 

1 .2 to 32 (Adjustable) 

N/A 

3 

. LM150, LM250 

1 .2 to 32 (Adjustable) 

N/A 


LM350 

1 .2 to 32 (Adjustable) 

N/A 


LM123K, LM223K , 

5 

6 


LM323K 

5 

4 

1.5 

. LM117, LM217 

1 .2 to 37 (Adjustable) 

N/A 


LM317 

1 .2 to 37 (Adjustable) 

N/A 


LM117HV, LM217HV 

1 .2 to 57 (Adjustable) 

N/A 


LM317HV 

1 .2 to 57 (Adjustable) 

N/A 


LM109K, LM209K 

5 

' 6 


LM309K 

5 

4 


LM140K 

5.12.15 ^ 

4 


LM140AK 

5.12.15 

2 


LM340 

5.12, 15 

4 


, LM340A 

5,12, 15 

2 


LM78XXC 

5,12,15 

4 

0.5 

LM117H, LM217H 

1.2 to 37 (Adjustable) 

N/A 


LM317H 

1 .2 to 37 (Adjustable) 

N/A 


LM117HVH, LM217HVH 

1 .2 to 37 (Adjustable) 

N/A 


LM317HVH 

1 .2 to 37 (Adjustable) 

N/A 


LM317M 

1 .2 to 3? (Adjustable) 

N/A 


LM341 

5, 12, 15 

4 


LM78MXX 

5,12, 15 

4 

0.25 

LM342 

5,12, 15 

4 

0.20 

LM109H, LM209H 

5 

6 


LM309H 

5 

4 


LM2930P 

5. 8 

±10 


LM130H 

5 

±5 


LM330H 

5 

±6 


LM330P 

5 

±6 

0.10 

LM140L, LM240L 

5, 12, 15 

2 


LM340L 

5,12,15 

2 


LM78LXXA 

5,12,15 

4 


Note 1 : Line regulation is the change in output voltage for a change in input voltage. 

Note 2: Load regulation is the change in output voltage due to a change in load current from no load to full load. 


Regulation 

V|N 

Ripple 

Line (Note 1) 

Load (Note 2) 

(V) 

Rejection 

% Vqut/Vin 

% Vqut/Vin 

Max 

(dB) 

0.005 

0.1 

35 

86 

0.005 

0.1 

35 

86 

0.005 

0.1 

35 

86 

0.005 

0.1 

35 

86 

0.01 

0.5 

20 

75 

0.01 

0.5 

20 

75 

0.01 

0.1 

40 

80 

0.01 

0.1 

40 

80 

0.01 

0.1 

60 

80 

0.01 

0.1 

60 

80 

0.004 

1.0 

35 

80 

0.004 

1.0 

35 

80 

0.02 

0.5 

35 

66-80 

0.002 

0.1 

35 

66-80 

0.02 

0.5 

35 

66-80 

0.002 

0.1 

35 

66-80 

0.03 

0.5 

35 

66-80 

0.01 

0.1 

40 

80 

0.01 

0.1 

40 

80 

0.01 

0.1 

40 

80 

0.01 

0.1 

40 

80 

0.01 

0.1 

40 

80 

0.02 

0.5 

35 


0.03 

0.5 

35 


0.03 

0.5 

35 

53-64 

0.004 

0.4 

35 

80 ' 

0.004 

0.4 

35 

80 



26V 

56 



30V 

56 



26V 

56 



26V 

56 

0.02 

0.25 

35 

48-62 

0.02 

0.25 

35 

48-62 

0.03 

0.25 

35 " 

45-60 
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V 0 - NOMINAL REGULATED OUTPUT VOLTAGE (V) 



PACKAGE 

DESIGNATOR 

PACKAGE 

TYPE 

'0 

K 

KC 

K STEEL 

TO-3* 

HERMETIC 

& 

T 

TO-220 

PLASTIC 


P 

TO-202 

PLASTIC 


H 

TO-5, TO-39 
HERMETIC 


Z 

TO-92 

PLASTIC 


* All devices with TO-3 package desig- 
nators (K or K STEEL ) are supplied 
in steel TO-3 packages unless otherwise 
designated as (AL) aluminum TO-3 
package. All KC designated devices 
are supplied in aluminum TO-3. 












3-TERMINAL NEGATIVE VOLTAGE REGULATORS 

Output 


Available 

v OUT 

Regulation 

V|N 

Ripple 

Current 

Device 

v OUT 

Tol. 

Line (Note 1) 

Load (Note 2) 

(V) 

Rejection 

(A) 


(V) 

(±%) 

%V 0 ut/V|N 

%V OU t/V|N 

Max 

(dB) 

3 

LM145K, LM245K 

-5.0, -5.2 

2 

0.008 

0.6 

20 

68 


LM345K 

CN 

LO 

1 

o' 

If) 

1 

4 

0.008 

0.6 

20 

68 

1.5 

LM137, LM237 

—1 .2 to —37 (Adjustable) 

N/A 

0.006 

0.3 

40 

77 


‘ LM337 

—1.2 to —37 (Adjustable) 

N/A 

0.007 

0.3 

40 

77 


LM137HV, LM237HV 

—1.2 to —47 (Adjustable) 

N/A 

0.006 

0.3 

50 

77 


LM337HV 

—1.2 to —47 (Adjustable) 

N/A 

0.007 

0.3 

50 

77 


LM120K 

-5 

2 

0.02 

0.3 

25 

64 



-12,-15, 




35 (12V) 

80 







40 (15V) 

75 








70 


LM320K 

-5 

4 

0.02 

0.3 

25 

64 



-12,-15 




35 (12V) 

80 







40 (15V) 

75 








70 


LM320T 

-5 

4 

0.02 

0.3 

25 

64 



-12,-15 




35 (12V, 15V) 

75-80 

70 


LM79XXC 

-5 

. -12.-15 

4 

0.03 

0.4 

35 

66-70 

0.5 

LM137H, LM237H 

—1 .2 to —37 (Adjustable) 

N/A 

0.006 

0.3 

40 

77 


LM337H 

—1 .2 to —37 (Adjustable) 

N/A 

0.007 

0.3 

40 

77 


LM137HVH, LM237HVH 

—1 .2 to —47 (Adjustable) 

N/A 

0.006 

0.3 

50 

77 


LM337HVH 

—1.2 to —47 (Adjustable) 

N/A 

0.007 

0.3 

50 

77 


LM337M 

—1.2 to —37 (Adjustable) 

N/A 

0.007 

0.3 

40 

77 


LM120H 

-5.0 

2 

0.02 

0.6 

25 

64 


LM320H 

-5.0 

4 

0.02 

0.6 

25 

64 


LM320M . 

-5 

4 

0.02 

0.6 

25 

60-64 



-12, -15 

4 



35 (12V, 15V) 

70-80 


LM79MXX 

-5, -12, -15 

4 

0.03 

0.7 

35 

58-60 

0.25 

LM320ML 

-5 

-12,-15 

4 

0.01 

0.5 

35 

50-60 

0.20 

LM120H 

-12 

2 

0.02 

0.1 

35 (12V) 

70-80 


LM320H 

-15 

4 

0.02 

0.1 

40 (15V) 


0.10 

LM320L 

-5 

-12,-15 

4 

0.01 

0.5 

35 

60-65 


LM79LXXA 

-5, -12, -15 

4 

0.02 

0.6 

35 

50-55 
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o 


0.25 


0.2 


0.1 


-24 -18 -15 -12 -10 
V 0 - NOMINAL REGULATED OUTPUT VOLTAGE (V) 


-5.2 -5 


■ 

PACKAGE 

DESIGNATOR 

PACKAGE 

TYPE 

0 

K 

KC 

K STEEL 

TO-3* 

HERMETIC 


T 

TO-220 

PLASTIC 

1 

P 

TO 202 
PLASTIC 

D 

H 

TO-5, TO-39 
HERMETIC 


Z 

TO-92 

PLASTIC 


* All devices with TO-3 package desig- 
nators (K or K STEEL ) are supplied 
in steel TO-3 packages unless otherwise 
designated as (AL) aluminum TO-3 
package. All KC designated devices 
are supplied in aluminum TO-3. 
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Definition of Terms 



National 

Semiconductor 


Voltage Regulators 


Definition of Terms 

Current-Limit Sense Voltage: The voltage across the 
current limit terminals required to cause the regulator 
to current-limit with a short circuited output. This 
voltage is used to determine the value of the external 
current-limit resistor when external booster transistors 
are used. 

Dropout Voltage: The input-output voltage differential 
at which the circuit ceases to regulate against further 
reductions in input voltage. 

Feedback Sense Voltage: The voltage, referred to 
ground, on the feedback terminal of the regulator while 
it is operating in regulation. 

Input Voltage Range: The range of dc input- voltages 
over which the regulator will operate within specifica- 
tions. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation or by using pulse 
techniques such that the average chip temperature is 
not significantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under 
accelerated life-test conditions at 125°C with maximum 
rated voltages and power dissipation for 1000 hours. 

Maximum Power Dissipation: The maximum total 
device dissipation for which the regulator will operate 
within specifications. 


Output-Input Voltage Differential: The voltage differ- 
ence between the unregulated input voltage and the 
regulated output voltage for which the regulator will 
operate within specifications. 

Output Noise Voltage: The RMS ac voltage at the 
output with constant load and no input ripple, measured 
over a specified frequency range. 

Output Voltage Range: The range of regulated output 
voltages over which the specifications apply. 

Output Voltage Scale Factor: The output voltage 
obtained for a unit value of resistance between the 
adjustment terminal and ground. 

Quiescent Current: That part of input current to the 
regulator that is not delivered to the load. 

Ripple Rejection: The line regulation for ac input 
signals at or above a given frequency with a specified 
value of bypass capacitor on the reference bypass 
terminal. 

Standby Current Drain: That part of the operating 
current of the regulator which does not contribute to 
the load current. 

Temperature Stability: The percentage change in output 
voltage for a thermal variation from room temperature 
to either temperature extreme. 

Thermal Regulation: Percentage change in output 
voltage for a given change in power dissipation over a 
specified time period. 
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National 

Semiconductor 


Fixed or Adjustable Voltage Regulators 


At National we see the trend moving toward the use of 
more adjustable regulators and we are broadening the 
adjustable line to satisfy this demand. 

As you browse through this Voltage Regulator section 
you will notice many changes. We’ve expanded the ad- 
justable regulator line and many voltage options on fixed 
regulators have. been deleted. 

The fixed voltage regulators, like the 7800 and 7900 
series, resulted in customers having to stock and hold in 
inventory quantities of each voltage in order to always 
have on hand a specific device for a particular system. 
This proved to be very costly especially when production 
was stopped due to shortage of a particular voltage. 

Adjustables combine versatility, performance and relia- 
bility, leading to increased popularity. 

Versatility 

■ Satisfy output voltage requirements from 1.2V up to 
’ 47V 

■ Simplify inventory and purchasing since a single 
device satisfies many voltage requirements 

■ Allows precision application 


Performance 

■ Improves system performance by having line and load 
regulation a factor of 10 better 

■ Has improved overload protection thus allowing 
greater output current over operating temperature 
range 


Reliability 

■ Improves system reliability with each device being 
subjected to 100% thermal limit burn-in 


As more and more applications use adjustable 
regulators, we believe that they will become the most 
popular regulators in the industry. 
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Fixed or Adjustable 
Voltage Regulators 



LM104/LM204/LM304 


ijWA National Volta 

£m Semiconductor 

LM104/LM204/LM304 Negative Regulator 

General Description 


Voltage Regulators 


The LM104 series are precision voltage regulators 
which can be programmed by a single external 
resistor to supply any voltage from 40V down to 
zero while operating from a single unregulated 
supply. They can also provide 0.01 -percent regula- 
tion in circuits using a separate, floating bias 
supply, where the output voltage is limited only 
by the breakdown of external pass transistors. 
Although designed primarily as linear, Series 
regulators, the circuits can be used as switching 
regulators, current regulators or in a number of 
other control applications. Typical performance 
characteristics are: 

■ Subsurface zener reference 

■ 1 mV regulation no load to full load 

■ 0.01 %/V line regulation 

■ 0.2 mV/V ripple rejection 

Schematic and Connection Diagrams 


■ 0.3% temperature stability over military tem- 
perature range 

The LIV1104 series are complements of the LM100 
and LM105 positive regulators, intended for 
systems requiring regulated negative voltages 
which have a common ground with the unregu- 
lated supply. By themselves, they can deliver 
output currents to 25 mA, but external transistors 
can be added to get any desired current. The 
output voltage is set by external resistors, and 
either constant or foldback current limiting is 
made available. 

The LM104 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM204 is specified for operation over the -25°C to 
+85° C temperature range. The LM304 is specified 
for operation from 0°C to +70°C. 



Metal Can Package 



Note: Pin 5 connected t( 
TOP VIEW 


t8K 5 UNREGULATED 


current 0rder Number LM104H, LM204H or LM304H 

W See NS Package H 10C 


Typical Applications 

Operating with Separate Bias Supply 


Basic Regulator Circuit 




Switching Regulator 


High Current Regulator 
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Absolute Maximum Ratings 

LM104/LM204 

LM304 

Input Voltage 

50V 

40V 

Input-Output Voltage Differential 

50V 

40V 

Power Dissipation (Note 1) 

500 mW 

500 mW 

Operating Temperature Range 



LM104 

-55°C to 1 25°C 


LM204 

-25° C to 85°C 


LM304 


0°C to +70°C 

Storage Temperature Range 

-65°C to 1 50°C 

-65° C to +1 50°C 

Lead Temperature (Soldering, 10 sec) 

300° C 

300°C 


Electrical Characteristics 


PARAMETER 

CONDITIONS 

| LM104/LM204 | 

LM304 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Voltage Range 


-50 


-8 

-40 


-8 , 

V 

Output Voltage Range 


. -40 


-0.015 

-30 


-0.035 

V 

Output-Input Voltage 

Iq = 20 m A 

2.0 


50 

2.0 


40 

V 

Differential (Note 3) 

l Q = 5 mA 

0.5 


50 

0.5 


40 

V 

Load Regulation (Note 4) 

0< l 0 <20 mA 

R S c = 1512 


1 ' 

5 


1 

.5 

mV • 

Line Regulation (Note 5 Y 

Vqut<-5V 
av in =0.1 V IN 


0.056 

0.1 


0.056 

0.1 

% 

Ripple Rejection 

C 19 = 10 juF, f = 120 Hz 
V IN < — 1 5V . 


i 

0.2 

0.5 


0.2 

0.5 

mV/V 


— 7V>V in >-15V 


0.5 

1.0 


0.5 

10 

mV/V 

Output Voltage Scale Factor 

R 23 = 2.4k 

1.8 

2.0 

2.2 . 

-1.8 

2.0 

2.2 

V/kl2 

Temperature Stability 

> 

T 

VI 

o 

> 


0.3 

1.0 


0.3 

1.0- 

% 

Output Noise Voltage 

10 Hz<f < 10 kHz 









. V n < — 5V, C iq =0 


0.007 



0.007 


% 


C 19 = 10 fif 


15 



15 


MV 

Standby Current Drain 

l L = 5 mA, V Q =0 


1.7 

2.5 


1.7 

2.5 

mA 


V 0 = -30V 





3.6 

5.0 

mA 


V Q = -40V 


3.6 

5.0 




mA 

Long Term Stability 

> 

T 

VI 

o 

> 


0.01 

.1.0 


0.01 

1.0 

% 


Note 1: The maximum junction temperature of the LM104 is 150°C, while that of the LM204 is 125°C and LM304 is 100°C. 
For operating at elevated temperatures, devices in the TO-5 package rrjust be derated based on a thermal resistance of 150°C/W, 
junction to ambient, or 45°C/W, junction to case. 

Note 2: These specifications apply for junction temperatures between -55 U C and 150°C (between -25°C and 100°C for the 
LM204 and 0°C to +85°C for the LM304) and for input and output voltages within the ranges given, unless otherwise specified. 
The load and line regulation specifications are for constant junction temperature. Temperature drift effects must be taken into 
account separately when the unit is operating under conditions of high dissipation. 

Note 3: When external booster transistors are used, the minimum output-input voltage differential is increased, in the worst case, 
by approximately IV. 

Note 4: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The 
improvement factor will be roughly equal to the' composite current gain of the added transistors. 

Note 5: With zero output, the dc line regulation is determined from the ripple rejection. Hence, with output voltages between OV 
and — 5V, a dc output variation, determined from the ripple rejection, must be added to find the worst-case line regulation. 
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LM104/LM204/LM304 



OUTPUT VOLTAGE DEVIATION (mV) CURRENT-LIMIT SENSE VOLTAGE (V) SUPPLY VOLTAGE REJECTION (%/V) OUTPUT VOLTAGE DEVIATION (mV) 
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Voltage Regulators 


LM105/LM205/LM305/LM305A, LM376 Voltage Regulators 


General Description 

The LM105 series are positive voltage regulators 
similar to the LM100, except that an extra gain 
stage has been added for improved regulation. 
A redesign of the biasing circuitry removes any 
minimum load current requirement and at the 
same time reduces standby current drain, permit- 
ting higher voltage operation. They are direct, 
plug-in replacements for the LM100 in both 
linear and switching regulator circuits with output 
voltages greater than 4.5V. Important characteris- 
tics of the circuits are: 

■ Output voltage adjustable from 4.5V to 40V 

■ Output currents in excess of 10A possible by 
adding external transistors 

■ Load regulation better than 0.1%, full load with 
current limiting 

■ DC line regulation guaranteed at 0.03%/V 


Schematic and Connection Diagrams 


Ripple rejection of 0.01 %/V 

45 mA output current without external pass 
transistor (LM305A) 


Like the LM100, they also feature fast response to 
both load and line transients, freedom from 
oscillations with varying resistive and reactive 
loads and the ability to start reliably on any load 
within rating. The circuits are built on a single 
silicon chip and are supplied in either an 8-lead, 
TO-5 header or a 1/4" x 1/4" metal flat package. 

The LM105 is specified for operation for -55°C < 
T a < +125°C, the LM205 is specified for~25°C< 
T a < +85°C, and the LM305/LM305A, LM376 is 
specified for 0°C < T A < +70°C. 




Dual-In-Line Package 


Metal Can Package 




Note: Pin 4 connected tc 
TOP VIEW 


Order Number LM376N 
See NS Package N08B 


Order Number LM105H, 
LM205H, LM305H or LM305AH 
See NS Package H08C 


Pin connections shown are for metal can. 

Typical Applications 

10A Regulator with Foldback Current Limiting 


1.0A Regulator with Protective Diodes 




^Protects against shorted input 
or inductive loads on unregu- 
lated supply. 


{Protects against output 
voltage reversal. 


tSolid tantalum. 
•Electrolytic. 
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LM105/LM205/ 
LM305/LM305A, LM376 


Absolute Maximum Ratings lmiob 

LM205 

LM305 

LM305A 

LM376 

Input Voltage 

50 V 

50V 

40V 

50V 

40V 

Input-Output Differential 

40V 

40V 

40V 

40V 

40V 

Power Dissipation (Note If 

800 mW 

800 mW 

800 mW 

800 mW 

400 mW 

Operating Temperature Range 

-55°Cto+l25°C 

-25°C to +85° C 

0°C to +70°C 

0°C to +70° C 

0°C to +70° C 

Storage Temperature Range 

-65°C to +1 50°C 

-65° C to +150°C 

-65° C to +1 50° C 

~65°C to +150°C 

-65°C to +1 50° ( 

Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics 

300° C 

(Note 2) 

300°C 

300° C 

300° C 

300° C 




! LM105 

r~ LM205 i 

! LM305 ! 

| LM305A \ 

! LM376 I 

UNITS 



MIN 

TYP 

MAX . 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Voltage Range 


8.5 

' 

50 

8.5 


50 

8.5 


40 

8.5 


50 

9.0 


40 

V 

Output Voltage Range 


4.5 


40 

4.5 


40 

4.5 


30 

4.5 


40 

5.0 


37 

V 

Input-Output Voltage 


3.0 


30 

3.0 


30 

3.0 


30 

3.0 


30 

3.0 


30 

V 

Differential 


















Load Regulation 

R S C= 10n, T A - 25°C 


0.02 

0.05 


0.02 

0.05 


0.02 

0.05 







% 

(Note 3) 

R S C = 10H, T A = T A (MAX) 


0.03 

0.1 


0.03 

0.1 


0.03 

0.1 







% 


rsc = ion, t a = t A (min) 


0.03 

0.1 


0.03 

0.1 


0.03 

0.1 







% 



0<lQ<12mA 

0<lo<12mA 

0<lQ<12mA 









Rsc = on, T A = 25° c 











0.02 

0.2 



0.2 

% 


Rsc = on, T A = 70° c 











0.03 

0.4 



0.5 

% 


Rsc = on, t a = o°c 











0.03 

0.4 



0.& 

% 












! 0<lQ<45mA | 

| 0<lQ<25mA 


Line Regulation 

T a = 25°C 















0.03 

%/v 


0°C <, T A 5* +70°C 















0.1 

%/v 


V|N-V 0 UT^5V,T A = 25°C 


0.025 

0.06 


0.025 

0.06 


0.025 

0.06 


0.025 

0.06 




%/v 


V||\| - Vqut ^ BV, T A = 25°C 


0.015 

0.03 


0.015 

0.03 


0.015 

0.03 


0.015 

0.03 




%/v 

Temperature Stability 

T A (MIN)<T A <T A (MAX) 


0.3 

1.0 


0.3 

1.0 


0.3 

1.0 


0.3 

1.0 


% ' 

Feedback Sense Voltage 


1.63 

1.7 

1.81 

1.63 

1.7 

1.81 

1.63 

1.7 

1.81 

1.55 

1.7 

1.85 

1.60 

L72 

1.80 

V 

Output Noise Voltage 

10 Hz<f < 10 kHz 


















C REF = 0 


0.005 



0.005 



0.005 



0.005 





% 


CREF =0.1mF 


0.002 



0.002 



0.002 



0.002 



- 


% 

Standby Current Drain 

V|N = 30V,T A = 25°C 















2.5 

mA 


V|N=40V 








0.8 

2.0 







mA 


V|N f 50V 


0.8 

2.0 


0.8 

2.0 





0.8 

2.0 




mA 

Current Limit 

t a = 25°c, r sc = ion. 

-225 

300 

375 . 

225 

300 

375 

225 

300 

375 

225 

300 

375 


300 


- mV 

Sense Voltage 

VoUT = 0V, (Note 4) 










j 







Long Term Stability 



0.1 

1.0 


0.1 

1.0 


0.1 

1.0 - 


0.1 

1.0 


% 

Ripple Rejection 

CREF = 10/iF,f= 120 Hz 


0.003 

0.01 


0.003 

0.01 


0.003 

0.01 

| 0.003 

0.1 

%/V 


Note 1: The maximum junction temperature of the LM105 and LM305A is 150°C, the LM205 and LM376 is 100°C, and the LM305 is 85°C. For operation at elevated temperatures, devices in the TO-5 package 
must be derated based on a thermal resistance of 150° C/W junction to ambient, or 45°C/W junction to case. For the epoxy dual-in-line package, derating is based on a thermal resistance of 187°C/W junction to 
ambient. Peak dissipations to 1W are allowable providing the dissipation rating is not exceeded with the power averaged over a five second interval for the LM105 and LM205, and averaged over a two second 
interval for the LM305. 

Note 2: Unless otherwise specified, these specifications apply for temperatures within the operating temperature range, for input and output voltages within the range given, and for a divider impedance seen by 
the feedback terminal of 2 kn. Load and line regulation specifications are for a constant junction temperature. Temperature drift effects must be taken into account separately when the unit is operating under 
conditions of high dissipation. 

Note 3: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement factor will be roughly equal to the composite current gain of the 
added transistors. 

Note 4: With no external pass transistor. 
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LM105/LM205/ 
LM305/LM305A, LM376 


Typical Performance Characteristics LM376 


Load Regulation 



0 10 20 30 

LOAD CURRENT (mA) 



10 15 20 25 30 

OUTPUT CURRENT (mA) 


Current Limit Sense Voltage 



0 25 50 70 

AMBIENT TEMPERATURE (°C) 


Minimum Input Voltage 


Regulator Dropout Voltage 


Optimum Divider Resistance 



0 25 50 70 

AMBIENT TEMPERATURE (°C) 



0 25 50 70 

AMBIENT TEMPERATURE (°C) 



5 10 15 20 25 30 35 

OUTPUT VOLTAGE (V) 


Standby Current Drain 

Ta = 25°C Supply Voltage Rejection 



10 15 20 25 30 35 40 


INPUT VOLTAGE (V) 



5 10 15 20 25 30 

INPUT-OUTPUT VOLTAGE DIFFERENTIAL (V) 


Transient Response 



mi 


■1 


Hi 

HI 

DQ3 



m 

mm\ 

mi 


J3J 

am 

m 

mi 

■i 

fti£S 


m 

m 

■ 

m 













m 

hm 

hi 


Mh 

m 

mr 

km 


m 



hm 


H 


0 10 20 30 

TIME M 
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Typical Applications (Continued) 


Linear Regulator with Foldback Current Limiting Current Regulator 



125 turns =22 on Arnold 
Engineering A262123-2 
molybdenum permally 


Basic Positive Regulator with Current Limiting 1.0A Regulator with Protective Diodes 



Linear Regulator with Foldback Current Limiting 




LM109/LM209/LM309 
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Semiconductor 


Voltage Regulators 


LM 1 09/LM209/LM 309 5-Volt Regulator 


General Description 

The LM109 series are complete 5 V regulators fabricated 
on a single silicon chip. They are designed for local 
regulation on digital logic cards, eliminating the distribu- 
tion problems associated with single-point regulation. 
The devices are available in two standard transistor 
packages. In the solid-kovar TO-5 header, it can deliver 
output currents in excess of 200 mA, if adequate heat 
sinking is provided. With the TO-3 power package, the 
available output current is greater than 1 A. 

The regulators are essentially blowout proof. Current 
limiting is included to limit the peak output current to 
a safe value. In addition, thermal shutdown is. provided 
to keep the 1C from overheating. If internal dissipation 
becomes too great, the regulator will shut down to 
prevent excessive heating. 

Considerable effort was expended to make these devices 
easy to use and to minimize the number of external 
components. It is not necessary to bypass the output, 
although this does improve transient response somewhat. 
Input bypassing is needed, however, if the regulator is 


Schematic Diagram 


located very far from the filter capacitor of the power 
supply. Stability is also achieved by methods that 
provide very good rejection of load or line transients 
as are usually seen with TTL logic. 

Although designed primarily as a fixed-voltage regulator, 
the output of the LM109 series can be set to voltages 
above 5 V, as shown below. It is also possible to use the 
circuits as the control element in precision regulators, 
taking advantage of the good current-handling capability 
and the thermal overload protection. 


Features 

■ Specified to be compatible, worst case, with TTL and 
DTL 

■ Output current in excess of 1 A 

■ Internal thermal overload protection 

■ No external components required 


Typical Application 


Fixed 5V Regulator 


l oi fan R1) , I ,03 R, 3.; 

J— L ^63V 2K. 

6 3V u 'TO’* 

R, °: | |oi4 R12 

200: no Ri4 : 



Jit »■ 

■ R2 24Kt A 

' 2 4K f 11 


-s :, 6 o5 


Connection Diagrams 

Metal Can Packages 



"Required if regulator is located more than 4" 
from power supply filter capacitor. 
tAlthough no output capacitor is needed for stability, 
it does improve transient response. 

C2 should be used whenever long wires are used to 
connect to the load, or when transient response 
is critical. 

NOTE: Pin 3 electrically connected to case. 


Adjustable Output Regulator 



Order Number LM109K STEEL, 
Order Number LM109H, LM209H |_M209K STEEL, LM309K STEEL 
or LM309H or LM309K (Aluminum) 

See Package H03A See Package K02A 


1-10 





Absolute Maximum Ratings 


Input Voltage 

35 V 

Power Dissipation 

Internally Limited 

Operating Junction Temperature Range 


LM109 

-55°C to +150°C 

LM209 

-25°C to +150°C 

LM309 

0°C to +1 25°C 

Storage Temperature Range 

-65°C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) 

300°C 

Electrical Characteristics 



PARAMETER 

CONDITIONS 

LM109/LM209 

LM309 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Output Voltage 

Tj = 25°C 

4.7 

5.05 

5.3 

4.8 

5.05 

5.2 

V 

Line Regulation 

Tj=25°C, 

7V < V IN < 25V 


4.0 

50 


4.0 

50 

mV 

Load Regulation 

Tj = 25°C 








TO-5 Package 

5mA ^ Iout ^ 0.5A 


15 

50 


15 

50 

mV 

TO-3 Package 

5mA ^ Iout ^ 1 .5A 


15 

100 


15 

100 

mV 

Output Voltage 

7V < V, N < 25V, 

5mA < l 0UT < 1 MAX , 
P<Pmax 

4.6 


5,4 

4.75 


5.25 

V 

Quiescent Current 

7V < V IN < 25V 


5.2 

10 


5.2 

10 

mA 

Quiescent Current Change 

7V < V IN < 25V 



0.5 



0.5 

mA 


5mA < l 0UT < l MAX 



0.8 



0.8 

mA 

Output Noise Voltage 

T a = 25°C 

10Hz < f < 100kHz 


40 



40 


mV 

Long Term Stability 




10 



20 

mV 

Ripple Rejection 

Tj = 25°C 

50 



50 



dB 

Thermal Resistance, 

Junction to Case 

(Note 2) 







1 

TO-5 Package 



15 



15 


°C/W 

TO-3 Package 



2.5 



2.5 


°c/w 


Note 1: Unless otherwise specified, these specifications apply for -55° C < Tj +150°C for the LM109, -25° C < Tj < +150°C for the LM209, 
and 0°C < Tj < +125°C for the LM309; V | |\j = 10 V and loUT = 0*1 A for the TO-5 package or loUT = 0-5 A for the TO-3 package. For the 
TO-5 package, ImAX = 0.2 A and PmaX = 2.0 W. For the TO-3 package, I MAX = 1 0 A and PmaX = 20 W. 

Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about 150°C/W, while that of the TO-3 package is approximately 
35°C/W. With a heat sink, the effective thermal resistance can only approach the values specified, depending on the efficiency of the sink. 


Typical Applications (Continued) 

2 C 2 1+ F High Stability Regulator* 



Current Regulator 



"Determines output current. If wirewound resistor 
is used, bypass with 0.1 (if. 


M 


Ml 


LM109/LM209/LM309 




LM109/LM209/LM309 


Application Hints 

a. Bypass the input of the LM109 to ground with 
> 0.2 juF ceramic or solid tantalum capacitor if main 
filter capacitor is more than 4 inches away. 

b. Use steel package instead of aluminum if more than 
5,000 thermal cycles are expected. (AT > 50°C) 

c. Avoid insertion of regulator into "live" socket if 
input voltage is greater than 10 V. The output will 
rise to within 2 V of the unregulated input if the 
ground pin does not make contact, possibly damaging 
the load. The LM109 may also be damaged if a large 
output capacitor is charged up, then discharged 
through the internal clamp zener when the ground 
pin makes contact. 

d. The output clamp zener is designed to absorb tran- 
sients only. It will not clamp the output effectively 
if a failure occurs in the internal power transistor 
structure. Zener dynamic impedance is *=» 4 £2. Con- 
tinuous RMS current into the zener should not 
exceed 0.5 A. 

e. Paralleling of LM109s for higher output current is 
not recommended. Current sharing will be almost 
nonexistent, leading to a current limit mode operation 
for devices with the highest initial output voltage. 
The current limit devices may also heat up to the 


thermal shutdown point (« 175°C). Long term 
reliability cannot be guaranteed under these con- 
ditions. 

f. Preventing latchoff for loads connected to negative 
voltage: 

If the output of the LM109 is pulled negative by a high 
current supply so that the output pin is more than 0.5 V 
negative with respect to the ground pin, the LM109 can 
latch off. This can be prevented by clamping the ground 
pin to the output pin with a germanium or Schottky 
diode as shown. A silicon diode (1N4001) at the output 
is also needed to keep the positive output from being 
pulled too far -negative. The 10£7 resistor will raise 
+VQUT b Y % 0 05 V. 



+V0UT 


-vqut 


Crowbar Overvoltage Protection 


INPUT CROWBAR OUTPUT CROWBAR 




*Zener is internal to LM1 09. , 1 

**Q1 must be able to withstand 7 A continuous current if fusing is not used at regulator input. LM1 09 bond 
wires will fuse at currents above 7 A. 

tQ2 is selected for surge capability. Consideration must be given to filter capacitor size, transformer impedance, 
and fuse blowing time. 
ttTrip point is « 7.5 V. 
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OUTPUT CURRENT (A) POWER DISSIPATION (W) POWER DISSIPATION (W) 



LM1G9/LM209/LM309 










LM109/LM209/LM309 


Typical Performance Characteristics (Continued) 


INPUT-OUTPUT DIFFERENTIAL (V) 



JUNCTION TEMPERATURE <°C) 


OUTPUT VOLTAGE (V) 




JUNCTION TEMPERATURE (°C) 



JUNCTION TEMPERATURE (°C) 



INPUT VOLTAGE (V) 



LINE TRANSIENT RESPONSE 



>> 

ss 

is 




■ 
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■ 
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LOAD TRANSIENT RESPONSE 
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National Voltage Regulators 

Semiconductor 

LM117/LM217/LM317 3-Terminal Adjustable Regulator 


General Description 

The LM1 1 7/LM21 7/LM31 7 are adjustable 3-terminal 
positive voltage regulators capable of supplying in excess 
of 1.5A over a 1.2V to 37V output range. They are 
exceptionally easy to use and require only two external 
resistors to set the output voltage. Further, both line 
and load regulation are better than standard fixed regula- 
tors. Also, the LM117 is packaged in standard transistor 
packages which are easily mounted and handled. 

In addition to higher performance than fixed regulators, 
the LM117 series offers full overload protection 
available only in IC's. Included on the chip are current 
limit, thermal overload protection and safe area protec- 
tion. All overload protection circuitry remains fully 
functional even if the adjustment terminal is 
disconnected. 

Features 

■ Adjustable output down to 1.2V 

■ Guaranteed 1 .5A output current 

■ Line regulation typically 0.01%/V 

■ Load regulation typically 0.1% 

■ Current limit constant with temperature 

■ 100% electrical burn-in 

■ Eliminates the need to stock many voltages 

■ Standard 3-lead transistor package 

■ 80 dB ripple rejection 

Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
very high ripple rejections ratios which are difficult 
to achieve with standard 3-terminal regulators. 


Besides replacing fixed regulators, the LM117 is useful 
in a wide variety of other applications. Since the regu- 
lator is "floating" and sees only the input-to-output 
differential voltage, supplies of several hundred volts 
can be regulated as long as the maximum input to 
output differential is not exceeded. 

Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by 
connecting a fixed resistor between the adjustment and 
output, the LM117'Can be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads 
draw little current. 

The LM117K, LM217K and LM317K are packaged in 
standard TO-3 transistor packages while the LM117H, 
LM217H and LM317H are packaged in a solid Kovar 
base TO-5 transistor package. The LM117 is rated for 
operation from ~55°C to +150°C, the LM217 from 
-25° C to +1 50° C and the LM317 from 0°C to +125°C. 
The LM317T and LM317MP, rated for operation over a 
0°C to +125°C range, are available in a TO-220 plastic 
package and a TQ-202 package, respectively. 

For applications requiring greater output current in 
excess of 3A and 5A, see LM150 series and LM138 
series data sheets, respectively. For the negative comple-. 
ment, see LM 137 series data sheet. 

LM117 Series Packages and Power Capability 


DEVICE 

PACKAGE 

RATED 

POWER 

DISSIPATION 

DESIGN 

LOAD 

CURRENT 

LM117 

LM217 

LM317 

TO-3 

20W 

1.5A 

TO-39 

2W 

0.5A 

LM317T 

TO-220 

15W 

1.5A 

LM317M 

TO-202 

7.5W 

0.5A 


a 


Typical Applications 


1.2V— 25V Adjustable Regulator Digitally Selected Outputs 


5V Logic Regulator with 
Electronic Shutdown* 


LM 117 



^Optional— improves transient 
response 

*Needed if devfce is far from 
filter capacitors 

/ R2 \ 

n v OUT “ 1 25V y + — J 


LM117 



*Sets maximum VQyy 


LM117 



* Min output ^ 1.2V 
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LM117/LM217/LM317 


Absolute Maximum Ratings 

Power Dissipation 
I nput-Output' Voltage Differential 
Operating Junction Temperature Range 
LM117 
LM217 
LM317 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

Preconditioning 

Burn-In in Thermal Limit 

Electrical Characteristics (Note 1) 


Internally limited 
40V ‘ 

-55° C to +1 50°C 
-25°Cto+150°C 
0°C to +1 25° C 
-65° C to +1 50° C 
300°C 


100% All Devices 




PARAMETER 

CONDITIONS 

LM1 17/217 

LM317 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Line Regulation 

T A = 25°C, 3V < V|N - VquT < 40V 
(Note 2) 


0.01 

0.02 


0.01 

0.04 

%/V 

Load Regulation 

Ta = 25° C, 10 mA < IquT < 'MAX 









V 0 UT< 5V - (Note 2) 


5 

15 


5 

25 

mV 


Vqut > 5V, (Note 2) 


0.1 

0.3 


0.1 

0.5 

% 

Thermal Regulation 

Ta = 25°C, 20 ms Pulse 


0.03 

0.07 


0.04 

0.07- 

%/W 

Adjustment Pin Current 



50 - 

100 


50 

100 

juA 

Adjustment Pm Current Change 

10 mA < l L < 1 M AX 

2.5V < (V| N ^V 0U t) <40V 


0.2 

5 


0.2 

5 

a<a 

Reference Voltage 

3 < (Vin-Vqut) < 40V, (Note 3) 

10 mA < loUT < 'MAX- P < PMAX 

1.20 

1.25 

1.30 

1.20 

1.25 

1.30 

V 

Line Regulation 

3V < V||\| - VquT < 40V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10 mA < IquT - *MAX- (Note 2) 
V0UT<5V 


20 

50 


20 

70 

mV 


V 0 UT>5V 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

t min < T j < T MAX 


1 



1 


% 

Minimum Load Current 

V|N-VOUT = 40V 


3.5 

5 


3.5 

10 

mA 

Current Limit 

V|N-V0UT<15V 









K and T Package 

1.5 

2.2- 


1.5 

2.2 


A 


H and P Package 

V|N-V0UT = 40V, Tj = +25°C 

0.5 

0.8 


0.5 

0.8 


A 


K and T Package 

0.30 

0.4 


0.15 

0.4 


A 


H and P Package 

0.15 

0.20 


0.075 

0.20 


A 

RMS Output Noise, % of VquT 

T A = 25° C, 10 Hz<f < 10 kHz 


0.003 



0.003 


% 

Ripple Rejection Ratid 

vqut = iov, f = 120 Hz 


65 



65 


dB 


c A dj = io^p 

66 

80 


66 

80 


dB ' 

Long-Term Stability 

T A = 1 25° C 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction to Case 

H Package 


12 

15 


12 

15 

°C/W 


K Package 


2.3 

3 


2.3 

3 

°c/w 


T Package 





4 


1 °c/w 


P Package 





1 2 


°c/w 


Note 1: Unless otherwise specified, these specifications apply: -55°C < Tj <,+150°C for the LM117, -25 c C < Tj *< +1 50°C for the LM217and 
0 J C < Tj < + 125°C for the LM317; V | |\j — Vqut = 5V and loUT = 0.1 A for the TO-5 and TO-202 packages and loUT = 0.5A for the TO-3 pack- 
age and TO-220 package. Although power dissipation is internally limited, these specifications are applicable for power dissipations of 2W for the 
TO-5 and TO-202 and 20W for the TO-3 and TO-220. I MAX ' s ^ -5A for the TO-3 and TO-220 package and 0.5A for the TO-5 and TO-202 package. 
Note 2: Regulation is measured at constant Junction temperature, using pulse testing with^a low duty cycle. Changes in output voltage due to 
heating, effects are covered under the specification for thermal regulation. , 

Note 3: Selected devices with tightend tolerance reference voltage available. 


1-16 




RIPPLE REJECTION (dB) INPUT-OUTPUT DIFFERENTIAL (V) OUTPUT VOLTAGE DEVIATION (%) 


Typical Performance Characteristics (K and T Packages) 



-75 -50 -25 0 25 50 75 100 125 150 



0 10 20 30 40 



-75 -50 -25 0 25 50 75 100 125 150 


TEMPERATURE ( 0 


INPUT-OUTPUT DIFFERENTIAL (V) 


TEMPERATURE ( C) 


Dropout Voltage. 



TEMPERATURE ( C) 


Temperature Stability 



-75 -50 -25 0 25 .50 75 100 125 150 

TEMPERATURE ( 0 



0 10 20 30 40 

INPUT-OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 

100 

80 

60 

40 

20 

0 

0 5 10 15 20 25 30 35 

OUTPUT VOLTAGE (V) 




1 ! 

C ADJ = 10 ^ F 

1 1 



-3 



WJ = 

1 

0 








r~ 


V| 

'L 

N~ v 0 
= 500 

UT = 
mA 

i V 




f = 120 Hz 

Tj = 25 C 
1 1 







10 100 Ik ,10k 100k 1M 

FREQUENCY (Hz) 



ff.oi oi i io 


OUTPUT CURRENT (A) 


Output Impedance 


Line Transient Response 


Load Transient Response 




LM117/LM217/LM317 


Application Hints 


In operation, the LM117 develops a nominal 1.25V 
reference voltage, Vref, between the output and 
adjustment terminal. The reference voltage is impressed 
across program resistor R1 and, since the voltage is con- 
stant, a constant current l-j then flows through the 
output set resistor R2, giving an output voltage of 


V0UT= VREF 



+ 'ADJ r 2 



FIGURE 1. 


Since the IOOjuA current from the adjustment terminal 
represents an error term, the LM117 was designed td 
minimize IaDJ anc * make it very constant with line 
and load changes. To do this, all quiescent operating 
current is returned to the output establishing a minir 
mum load current requirement. If there is insufficient 
load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1/iF 
disc or 1/iF solid taritalum on the input is suitable input 
bypassing for almost all applications. The device is more 
sensitive to the absence of input bypassing when adjust- 
ment or output capacitors are used but the above values 
will eliminate the possibility of problems. 

The adjustment terminal can be bypassed to ground on 
the LM117 to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a 1 0/u F bypass capa- 
citor 80 dB ripple rejection is obtainable at any output 
level. Increases over 10/iF do not appreciably improve 
the ripple rejection at frequencies above 120 Hz. If the 
bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor 
from discharging through internal low current paths 
and damaging the device. 

In general, the best type of capacitors to use are solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor 
construction, it takes about 25/iF in aluminum electro- 
lytic to equal 1/iF solid tantalum at high frequencies. 
Ceramic capacitors are also good at high frequencies; 
but some types have a large decrease in capacitance at 
frequencies around 0.5 MHz. For this reason, 0.01/iF 
disc may seem to work better than a O.ljuF disc as 
a bypass. 


Although the LM117 is stable with no output capa- 
citors, like any feedback circuit, certain values of 
external capacitance can cause excessive ringing. This 
occurs with values between 500 pF and 5000 pF. 
A IjuF solid tantalum (or 25/iF aluminum electrolytic) 
on the output swamps this effect and insures stability. 

Load Regulation 

The LM1 1 7 is capable of providing extremely good load 
regulation but a few precautions are needed to obtain 
maximum performance. The current set resistor con- 
nected between the adjustment terminal and the output 
terminal (usually 24052) should be tied directly to the 
output of the regulator rather than near the load. This 
eliminates line drops from appearing effectvely in series 
with the reference and degrading regulation. For exam- 
ple, a 1 5V regulator with 0.0557 resistance between the 
regulator and load will have a load regulation due to 
line resistance of 0.0552 x 1 1_. If the set resistor is con- 
nected near the load the effective line resistance will be 
0.0552 (1 + R2/R1) or in this case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the regu- 
lator and 24Q52 set resistor. 


LIVI117 



FIGURE 2. Regulator with Line Resistance 
in Output Lead 


With the TO-3 package, it is easy to minimize the resis- 
tance from the case to the set resistor, by using two 
separate leads to the case. However, with the TCT5 
package, care should be taken to minimize the wire 
length of the output lead. The ground of R2 can be 
returned near the ground of the load to provide remote 
ground sensing and improve load regulation. 

Protection Diodes 

When external capacitors are Used with any 1C regulator 
it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. Most 10/iF capacitors 
have low enough internal series resistance to deliver 
20A spikes when shorted. Although the surge is short, 
there is enough energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator 
and the input is shorted, the output capacitor will 
discharge into the output of the regulator. The discharge 


1-18 




Application Hints (Continued) 

current depends on the value of the capacitor, the 
output voltage of the regulator, and the rate of decrease 
of V||\j. In the LM117, this discharge path is through 
a large junction that is able to sustain 15A surge with no 
problem. This is not true of other types of positive 
regulators. For output capacitors of 25/iF or less, there 
is no need to use diodes. 

The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 


occurs when either the input or output is shorted. 
Internal to the LM1 17 is a 5012 resistor which limits the 
peak discharge current. No protection is needed for 
output voltages of 25V or less and 1 0juF 'capacitance. 
Figure 3 shows an LM117 with protection diodes 
included for use with outputs greater than 25V and 
high values of output capacitance. 


D1 

1 M4002 



FIGURE 3. Regulator with Protection Diodes 


Schematic Diagram 



am 
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LM117/LM217/LM317 



LM117/LM217/LM317 


Typical Applications (Continued) 


Slow Turn-On 15V Regulator 


Adjustable Regulator with Improved 
Ripple Rejection 


High Stability 10V Regulator 




^Solid tantalum 

*Discharges Cl if output is shorted to ground 



High Current Adjustable Regulator 
3-LM195'S IN PARALLEL 


0 to 30V Regulator 



‘ v 0UT 



*Minimum load current = 30 mA 
tOptional— improves ripple rejection 

5A Constant Voltage/Constant Current Regulator 



_0UTPUT 

1.2V-30V 


Power Follower 



1A Current Regulator 

LM117 



1.2V— 20V Regulator with 
Minimum Program Current 



^Lights in constant current mode 
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Typical Applications (Continued) 


* High Gain Amplifier 


Low Cost 3A Switching Regulator 


v + 




1 8V TO 32V 


100fjF f 


*Core— Arnold A-254168-2 60 turns 


4A Switching Regulator with Overload Protection 


Precision Current Limiter 


3-LM195 IN PARALLEL 




*0.8fi < R1 < 1 20S2 


Tracking Preregulator 


R2 

720 



Adjustable Regulator with Current Limiter 



Adjusting Multiple On-Card Regulators 
with Single Control* 



Short circuit current is approximately 600 mV/R3, or 120 mA 
(compared to LM117H's 1 ampere current limit) 

At 50 mA output only 3/4V of drop occurs in R3xand R4 
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LM117/LM217/LM317 






LM117/LM217/LM317 


Typical Applications (Continued) 

AC Voltage Regulator 




*Rg— sets output impedance of charger ZquT = Rs P + — I 
Use of Rg allows low charging rates with fully \ R1 / 

charged battery. 


50 mA Constant Current Battery Charger 


| V IN v 0UT| 
ADJ 


' I 


Connection Diagrams 


Adjustable 4A Regulator 



Current Limited 6V Charger 
LM317 



**1000 juF is recommended to filter 
out any input transients. 


(TO-3 Steel) 
Metal Can Package 


(TQ-39) (TO-220) 

Metal Can Package Plastic Package 


(TO-202) 
Plastic Package 



Order Number: 
LM117K STEEL 
LM217K STEEL 
LM317K STEEL 
See NS Package K02A 



CASE IS OUTPUT 
BOTTOM VIEW 


Order Number: 
LM117H 
LM217H 
LM317H 

See NS Package H03A 




Order Number: 
LM317T 

See NS Package T03B 


Order Number: „ 
LM317MP 

See NS Package P03A 
TAB Formed Devices 
LM317MP TB 
See NS Package P03E 
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National 

Semiconductor 


Voltage Regulators 


LM117HV/LM217HV/LM317HV High Voltage 3-Terminal 
Adjustable Regulator 


General Description 

The LM1 17HV/LM217HV/LM317HV are adjustable 
3-terminal positive voltage regulators capable of supplying 
in excess of 1.5A over a 1.2V to 57V output range. They 
are exceptionally easy to use and require only two 
external resistors to set the output voltage. Further, both 
line and load regulation are better than standard fixed 
regulators. Also, the LM117HV is packaged in standard 
transistor packages which are easily mounted and 
handled. 

In addition to higher performance than fixed regulators, 
the LM117HV series offers full overload protection 
available only in IC's. Included on the chip are current 
limit, thermal overload protection and safe area protec- 
tion. All overload protection circuitry remains fully 
functional even if the adjustment terminal is 
disconnected. 

Features 

■ Adjustable output down to 1.2V 

■ Guaranteed 1 .5A output current 

■ Line regulation typically 0.01%/V 

■ Load regulation typically 0.1% 

■ Current limit constant with temperature 

■ 100% electrical burn-in 

■ Eliminates the need to stock many voltages 

■ Standard 3-lead transistor package 

■ 80 dB ripple rejection 


Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
very high ripple rejections ratios which are difficult 
to achieve with standard 3-terminal regulators. 

Besides replacing fixed regulators, the LM117HV is 
useful in a wide variety of other applications. Since the 
regulator is "floating" and sees only the input-to-output 
differential voltage, supplies of several hundred volts 
can be regulated as long as the maximum input to 
output differential is not exceeded. 

Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by 
connecting a fixed resistor between the adjustment and 
output, the LM1 17HV can be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads 
draw little current. 

The LM117HVK STEEL, LM217HVK STEEL, and 
LM317HVK STEEL are packaged in standard TO-3 tran- 
sistor packages while the LM117HVH, LM217HVH and 
LM317HVH are packaged in a solid Kovar base TO-5 
transistor package. The LM117HV is rated for operation 
from -55°C to +150°C, the LM217HV from -25°C to 
+1 50° C and the LM317HV from 0°C to +125°C. 


Typical Applications 


1.2V— 45V Adjustable Regulator Digitally Selected Outputs 


5V Logic Regulator with 
Electronic Shutdown* 


LM117HV 



LM117HV 



*Min output « 1.2V 
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LM117HV/LM217HV/LM317HV 



LM117HV/LM217HV/LM317HV 


Absolute Maximum Ratings 








Power Dissipation 

Internally limited 








Input-Output Voltage Differential 60V 








Operating Junction Temperature Range 








LM117HV 

-55° C to +1 50 C 








LM217HV 

-25°C to +1 50° C 








LM317HV 

0°C to +1 25° C 








Storage Temperature 

-65°C to +150°C 








Lead Temperature (Soldering, 10 seconds) 300°C 








Electrical Characteristics <N 0 te d 










LM117HV/217HV 

LM317HV 


PARAMETER 

CONDITIONS 







UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Line Regulation 

T A = 25°C, 3V < V| N - VoUT < 60V 


0.01 

0.02 


0.01 

0.04 

%/V 


(Note 2) 








Load Regulation 

Ta = 25°C, 10 mA < loUT < <MAX 









v OUT< 5V, (Note 2) 


5 

15 


5 

25 

mV 


VquT > 5V, (Note 2) 


0.1 

0.3 


0.1 

0.5 

% 

Thermal Regulation 

T = 10ns 







%/W 

Adjustment Pin Current 



50 

100 


50 

100 

fiA 

Adjustment Pin Current Change 

10mA< l L < ImAX 


0.2 

5 


0.2 

5 

MA 


3.0V< (V| N -V 0U T) < 60V 








Reference Voltage 

3 < (V|N~Vout) < 60V, (Note 3) 

1.20 

1.25 

1.30 

1.20 

1.25 

1.30 

V 


10 mA <I 0 UT< 'MAX, P< PMAX 








Line Regulation 

3V < V|N - V 0U T< 60V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10 mA < loUT ^ *MAX' (N° te 2) 









VOUT < 5V 


20 

50 . 


20 

70 

mV 


V 0 UT > 5V 


0,3 

1 


0.3 

1.5 

% 

Temperature Stability 

T MIN< T j< T MAX 


1 



1 


% 

Minimum Load Current 

V|N~Vqut = 60 V 


3.5 

7 


3.5 

12 

' mA 

Current Limit 

V|N~VoUT< 15V 









K Package 

1.5 

2.2 


1.5 

2.2 


A 


H Package 

0.5 

0.8 


0.5 

0.8 


A 


V|N~VoUT =60V 









K Package 


0.1 



0.1 


A 


H Package 


0.03 



0.03 


A 

RMS Output Noise, % of VquT 

Ta = 25°C, 10Hz<f<10 kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

VOUT = 10V, f =120 Hz, 


65 



65 


dB 


CADJ = 10^ F 

66 

80 


66 

80 


dB 

Long-Term Stability 

T A =125°C 


0.3 . 

1 


0.3 

1 

% 

Thermal Resistance, Junction to Case 

H Package 


12 

15 


12 

15 

°C/W 


K Package 


2.3 

3 


2.3 

3 1 

°c/w 

Note 1: Unless otherwise specified, these specifications apply -55°C < T; < +150°C for the LM117HV,— 25° 

C < T: < +1 50° C for the LM217HV 

and 0°C < Tj < +125°C for the LM317HV; V | j\j - Vquj = 5V and loUT ~ 0-1 A for the TO-5 package and loUT = 0-5A for the TO-3 package. 

Although power dissipation is internally limited, these specifications are applicable for power dissipations of 2W for the TO-5 and 20W for the TO- 

« TO-3. 1 m AX is 1 -5 A for the TO-3 and 0.5 A for the TO-5 package. 








Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account 

separately. Pulse testing with low duty cycle is used. 








Note 3: Selected devices with tightened tolerance reference voltage available. 
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LM117HV/LM217HV/LM317HV 














LM117HV/LM217HV/LM317HV 


Application Hints 

In operation, the LM117HV develops a nominal' 1.25V 
reference voltage, Vref» between the output and 
adjustment terminal. The reference voltage is impressed 
across program resistor R1 and, since the voltage is con- 
stant, a constant current li then flows through the 
output set resistor R2, giving an output voltage of 

V0UT=Vref ^ + j^) + ,adjR2 


LM117HV 



FIGURE 1. 


Since the IOOjuA current from the adjustment terminal 
represents an error term, the LM1 17HV was designed to 
minimize IaDJ ar, d make it very constant, with line 
and load changes. To do this, all quiescent operating 
current is returned to the output establishing a mini- 
mum load current requirement. If there is insufficient 
load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A O.ljuF 
disc or 1/uF solid tantalum on the input is suitable input 
bypassing for almost all applications. The device is more 
sensitive to the absence of input bypassing when adjust- 
ment or output capacitors are used but the above values 
will eliminate the possibility of problems. 

The adjustment terminal can be bypassed to ground on 
.the LM117HV to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a IOjuF bypass capa- 
citor 80 dB ripple rejection is obtainable at any output 
level. Increases over IOjuF do not appreciably improve, 
the ripple rejection at frequencies above 120 Hz. If the 
bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor 
from discharging through internal low current paths 
and damaging the device. 

In general, the best type of capacitors to use are solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor 
construction, it takes about 25juF in aluminum electro- 
lytic to equal IpF solid tantalum at high frequencies. 
Ceramic capacitors are also good at high frequencies; 
but some types have a large decrease in capacitance at 
frequencies around 0.5 MHz. For this reason, O.O.IjuF 
disc may seem to work better than a O.ljuF disc as 
a bypass. 


Although the LM117HV is stable with no output capa- 
citors, like any feedback circuit, certain values of 
external capacitance can cause excessive ringing. This 
occurs with values between 500 pF and 5000 pF. 
A IjuF solid tantalum (or 25juF aluminum electrolytic) 
on the output swamps this effect and insures stability. 

Load Regulation 

The LM117HV is capable of providing extremely good 
load regulation but a few precautions are needed to 
obtain maximum performance. The current set resistor 
connected between the adjustment terminal and the out- 
put terminal (usually 24012) should be tied directly to the 
output of the regulator rather than near the load. This 
eliminates line drops from appearing effectvely in series 
with the reference and degrading regulation. For exam- 
ple, a 15V regulator with 0.0517 resistance between the 
regulator and load will have a load regulation due to 
line resistance of 0.0512 x l|_. If the set resistor is con- 
nected near the load the effective line resistance will be 
0.0512 (1 + R2/R1) or in this case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the regu- 
lator and 24012 set resistor. 



FIGURE 2. Regulator with Line Resistance 
' in Output Lead 


With the TO-3 package, it is easy to minimize the resis- 
tance from the case to the set resistor, by using two 
separate leads to the case. However, with the TO-5 
package, care should be taken to minimize the wire 
length of the output lead. The ground of R2 can be 
returned near the ground of the load to provide remote 
ground sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator 
it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. Most IOjuF capacitors 
have low enough internal series resistance to deliver 
20A spikes when shorted. Although the surge is short, 
there is enough energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator 
and the input is shorted, the output capacitor will 
discharge into the output of the regulator. The discharge 
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Application Hints (Continued) 

current depends on the value of the capacitor, the 
output voltage of the regulator, and the rate of decrease 
of V|N. In the LM117HV, this discharge path is through 
a large junction that is able to sustain 15A surge with no 
problem. This is not true of other types of positive 
regulators. For output capacitors of 25juF or less, there 
is no need to use diodes. 


occurs when either the input or output is shorted. 
Internal to the LM117HVisa 5012 resistor which limits the 
peak discharge current. No protection is needed for 
output voltages of 25V or less and IOjuF capacitance. 
Figure 3 shows an LM117HV with protection diodes 
included for use with outputs greater than 25V and 
high values of output capacitance. 


The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 


D1 

1N4Q02 



FIGURE 3. Regulator with Protection Diodes 


Schematic Diagram 


l — r 
1 


R1 

310 


C R2 
< 310 






LM117HV/LM217HV/LM317HV 





LM117HV/LM217HV/LM317HV 


Typical Applications (Continued) 


Slow Turn-On 15V Regulator 


Adjustable Regulator with Improved 
Ripple Rejection 


High Stability 10V Regulator 




High Current Adjustable Regulator 
3-LM195'S IN PARALLEL 


t Solid tantalum 

*Discharges Cl if output, is shorted to ground 

0 to 30V Regulator 



Power Follower 



- VquT 




Minimum load current = 30 mA 
^Optional— improves ripple rejection 

5A Constant Voltage/Constant Current Regulator 



1A Current Regulator 

LM317HV 


OUTPUT 
"l 2V-30V 



1.2V— 20V Regulator with 
Minimum Program Current 


^Solid tantalum 

* Lights in constant current mode 
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All outputs within ±100 mV 
^Minimum load— 10 mA 
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LM117HV/LM217HV/LM317HV 









LM117HV/LM217HV/LM317HV 


Typical Applications (Continued) 

AC Voltage Regulator 


LM317HV 



LM317 


12V Battery Charger 



•Rg-sets output impedance of charger ZquT = r S I 1 + — ) 
Use of R$ allows low charging rates with fully \ R1 / 

charged battery. 


50 mA Constant Current Battery Charger 


LM317HV 



Connection Diagrams 


{TO-3 Steel) 
Metal Can Package 



BOTTOM VIEW 


Order Number LM117HVK STEEL. 
LM217HVK STEEL, or 
LM317HVK STEEL 
See Package K02A 


Adjustable 4A Regulator 



Current Limited 6V Charger 
LM317HV 



*Sets peak current (0.6A for 1 ft) 
**1000 /uF is recommended to filter 
out any input transients. 


(TO-39) 

Metal Can Package 


INPUT 

ADJUSTMENT 

OUTPUT 

CASE IS OUTPUT 
BOTTOM VIEW 

Order Number LM117HVH, 
LM217HVH, or LM317HVH 
See Package H03A 
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National 

Semiconductor 


Voltage Regulators 


LM120 Series 3-Terminal Negative Regulators 


General Description 

The LM120 Series are three-terminal negative regulators 
with a fixed output voltage of -5V, —12V, and —15V, 
and up to 1.5A load current capability. These devices 
need only one external component— a compensation 
capacitor at the output, making them easy to apply. 
Worst case guarantees on output voltage deviation due to 
any combination of line, load or temperature variation 
assure satisfactory system operation. Where other voltages 
are required, the LM137 Series provides an output 
voltage range of —1.2V to —47V. 

Exceptional effort has been made to make the LM120 
Series immune to overload conditions. The regulators 
have current limiting which is independent of tempera- 
ture, combined with thermal overload protection. Inter- 
nal current limiting protects against momentary faults 
while thermal shutdown prevents junction temperatures 
from exceeding safe limits during prolonged overloads. 

Although primarily intended for fixed output voltage 
applications, the LM120 Series may be programmed for 
higher output voltages with a simple resistive divider. 
The low quiescent drain current of the devices allows 
this technique to be used with good regulation. 


Features 

■ Preset output voltage error less than ±3% 

■ Preset current limit 

■ Internal thermal shutdown 

■ Operates with input-output voltage differential down 
to IV 

■ Excellent ripple rejection 

■ Low temperature drift / 

■ Easily adjustable to higher output voltage 


LM120 Series Packages and Power Capability 




RATED 

DESIGN 

DEVICE 

PACKAGE 

POWER 

LOAD 



DISSIPATION 

CURRENT 

LM120 

TO-3 

20W 

1.5A 

LM320 . 

TO-5 

2W 

0.5A 

LM320T 

TO-220 

• 15W 

1.5A 

LM320M 

TO-202 

7.5W 

0.5A 

LM320ML* 

TO-202 

7.5W 

- 0.25A 

LM320L* 

TO-92 

1.2W 

0.1 A 


^Electrical specifications shown on separate data sheet 


Typical Applications 


Fixed Regulator 


Preventing Positive Regulator Latch-Up 



R1 & D1 allow the positive regulator to "start up" when + V IN is delayed 
relative to 'V| N and a heavy load is drawn between the outputs. Without 
R1 & D1, most three- terminal regulators will not start with heavy (0.1 A-1 A) 
load current flowing to the negative regulator, even though the positive 
output is clamped by 02 

*R2 is optional. Ground pin current from the positive regulator flowing 
through R1 will increase +V 0 ut ' 60 mV if R2 is omitted. 


COMMON 

LOAD 

CURRENT 


J — Xt c7 


- lll |^ 2.2pF j — TT 1 / jl 

r O' 4 - 1 LM120 1 ♦ O 


- C2* 
: i/iF 


-Required if regulator is ^Required for stability. For value 
separated from filter capa- given, capacitor must be solid 
citor by more than 3". For tantalum. 25jrF aluminum elec- 
value given, capacitor must trolytic may substituted. Values 
be solid tantalum. 25pF given may be increased without 
aluminum electrolytic may limit, 
be substituted. 


For output capacitance in excess 
of 100pF, a high current diode from 
rnput to output (1N4001, etc.) will 
protect the regulator from momentary 
input shorts. 


Dual Trimmed Supply 
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LM120 Series 
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LM120 Series 


- 5 VOLT REGULATORS (Note 3) 

Electrical Characteristics 




Absolute Maximum Ratings 

Power Dissipation Internally Limited 

Input Voltage -25V 

Input-Output Voltage Differential 25V 

Junction Temperatures See Note 1 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

ORDER NUMBERS 

METAL CAN PACKAGE 

POWER PLASTIC PACKAGE 

UNITS 

LM120K-5.0 

(TO-3) 

LM320K-5.0 

(TO-3) 

LM120H-5.0 

(TO-5) 

LM320H-5.0 

(TO-5) 

LM320T-5.0 

(TO-220) 

LM320MP-5.0 

(TO-202) 

DESIGN OUTPUT CURRENT (l D ) 

1.5 A 

1.5A 

0.5A 

0.5A 

1.5A 

0.5A 

DEVICE DISSIPATION (Pp> 

20W 

20W 

2W 

2W 

15W 

7.5W 


PARAMETER 

CONDITIONS (NOTE 1) 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 


Output Voltage 

Tj = 25°C. V|N = 10V, 

-5.1 -5 -4.9 

-5.2 -5 -4.8 

-5.1 -5.0 -4.9 

-5.2 -5.0 -4.8 

-5.2 -5.0 -4.8 

-5.2 -5.0 -4.8 

V 


•LOAD = 5 mA 








Line Regulation 

Tj = 25° C, IlOAD = 5 mA, 

10 25 

10 40 

10 25 

10 40 

10 40 

10 40 

mV 


VMIN< V|N< vmax 








Input Voltage 


-25 -7 

-25 -7 

-25 -7 

-25 -7 

-25 -7.5 

-25 -7.5 

V 

Ripple Rejection 

f = 120 Hz 

54 64 

54 64 

54 64 

54 64 

54 64 

54 64 

dB 

Load Regulation, (Note 2) 

Tj = 25° C, V |is| = 10V, 

50 75 

50 100 

30 50 

30 " 50 

50 100 

40 100 

mV 


5 mA < IlOAD < *D 








Output Voltage, (Note 1) 

-7.5V < V|n< Vmax. 

-5.20 -4.80 

-5.25 -4.75 

-5.20 -4.80 

-5.25 -4.75 

. -5.25 -4.75 

-5.25 -5.0 -4.75 

V 


5 mA < IlOAD < ID. p < P D 








Quiescent Current 

Vmin<Vin< Vmax 

1 2 

1 2 

1 2 

1 2 

1 2 

1 2 

mA 

Quiescent Current Change 

Tj = 25° C 









vmin< Vin< vmax 

0.1 0.4 

0.1 0.4 

0.05 0.4 

0.05 0.4 

0.1 0.4. 

0.05 0.3 

mA 


5 mA.< IlOAD < *D 

0.1 0.4 

0.1 0.4 

0.04 0.4 

0.04 0.4 

0.1 0.4 

0.04 0.25 

mA 

Output Noise Voltage 

Ta = 25°C, Cl = IjuF, l L = 5 mA, 

150 

150 

150 

150 

150 

150 

MV 


V|N = 10V, 10 Hz<f< 100 kHz 








Long Term Stability 


5 50 

5 . 50 

5 50 

5 50 

10 

10 

mV 

Thermal Resistance 









Junction to Case 


3 

3 

15 

15 

4 

12 

°C/W 

Junction to Ambient 


35 

35 

150 

150 

50 

70 

, °c/w 

Note 1: This specification applies over — 55°C < Tj < +150°C for the LM1 20, and 0°C < Tj < +125°C for the LM320. 





Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, 

, low duty 

cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifics- 

tions apply only up to Pq- 








Note 3: For — 5V 3 amp regulators, see LM145 data sheet. 
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-12 VOLT REGULATORS Absolute Maximum Ratings 

Power Dissipation Internally Limited 

Input Voltage —35V 

Input-Output Voltage Differential 30V 

Junction Temperatures See Note 1 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics 


ORDER NUMBERS 

METAL CAN PACKAGE 

POWER PLASTIC PACKAGE 

UNITS 

LM120K-12 

(TO-3) 

LM320K-12 

(TO-3) 

LM120H-12 

(TO-5) 

LM320H-12 . 

(TO-5) 

LM320T-12 

(TO-220) 

LM320MP-12 

(TO-202) 

DESIGN OUTPUT CURRENT (Iq) 


1 A 



1A 



0.2A 



0.2A 



1A 



0.5A 


DEVICE DISSIPATION (Pp) 


20W 



20W 



2W 



2W 



15W 



7.5W 



PARAMETER 

CONDITIONS (NOTE 1) 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Output Voltage 

Tj = 25°C, V|N = 17V, 

-12.3 

-12 

-11.7 

-12.4 

-12 

-11.6 

-12.3 

-12 

-11.7 

-12.4 

-12 

-11.6 

-12.4 

-12 

-11.6 

-12.5 

-12 

-11.5 

V 


■LOAD = 5 mA 




















Line Regulation 

Tj = 25° C, IlOAD = 5 mA, 


4 

10 


4 

20 


4 

10 


4 

20 


4 

20 


4 

24 

mV 


Vmin< v in< vmax 




















Input Voltage 


-32 


-14 

-32 


-14 

-32 


-14 

-32 


-14 

-32 


-14.5 

-32 


-14.5 

V 

Ripple Rejection 

f = 120 Hz 

56 

80 


56 

80 


56 

80 


56 

80 


56 

80 


56 

80 


dB 

Load Regulation, (Note 2) 

Tj-25°C, V|N = 17V, 


30 

80 


30 

80 


10 

25 


10 

40 


30 

80 


40 

100 

mV 


5 mA < l|_OAD < *D 




















Output Voltage, (Note 1) 

14.5V < V|n< Vmax. 

-12.5 


-11.5 

-12.6 


-11.4 

-12.5 


-11.5 

-12.6 


-11.4 

-12.6 


-11.4 

-12.6 


-11.4 

V 


5 mA < IlOAD < *D. p < p D 




















Quiescent Current 

VMIN<V|N<VMAX 


2 

4 


2 

4 


2 

4 


2 

4 


2 

4 


2 

4 

mA 

Quiescent Current Change 

Tj = 25° C 





















Vmin< V|n< vmax 


0.1 

0.4 


0.1 

0.4 


0.05 

0.4 


0.05 

0.4 


0.1 

0.4 


0.05 

0.3 

mA 


5mA< IlOAD < 


0.1 

0.4 


0.1 

0.4 


0.03 

0.4 


0.03 

0.4 


0.1 

0.4 


0.04 

0.25 

mA 

Output Noise Voltage 

Ta = 25°C, Cl = IpF, II = 5 mA, 


400 



400 



400 



400 



400 



400 


MV 


V|n = 17V, 10 Hz<f< 100kHz 




















Long Term Stability 



12 

120 


12 

120 


12 

120 


12 

120 


24 



24 


mV 

Thermal Resistance 





















Junction to Case 




3 



3 



15 



15 


4 



12 


°C/W 

Junction to Ambient 




35 



35 



150 



150 


50 



70 


°c/w 


Note 1: This specification applies over-55°C < Tj < +150°C for the LM120, and 0°C < Tj < +125°C for the LM320. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty 
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica- 
tions apply only up to Pq. 



seues OSUAIl 
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LM120 Series 


- 15 VOLT REGULATORS 


Absolute Maximum Ratings 

Power Dissipation 
Input Voltage 
LM120/LM320 
LM320T/LM320MP 
Input-Output Voltage Differential 
Junction Temperatures 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


Internally Limited 


-40V 
-35V 
30V 
See Note 1 
-65°C to +150°C 
300° C 


Electrical Characteristics 




METAL CAN PACKAGE 

j POWER PLASTIC PACKAGE 





LM120K-15 



LM320K-15 


I LM120H-15 


LM320H-15 


LM320T-15 


i LM320MP-15 1 



ORDER NUMBERS 


. (TO-3) 



(TO-3) 


(TO-5) 



(TO-5) 


(TO-220) 



(TO-202) 


UftUIS 

DESIGN OUTPUT CURRENT (Iq) 


1 A 



1 A 


0.2A 



0.2A 


1A 



0.5A 



DEVICE DISSIPATION (P D ) 


20W 



20W 


2W 



2W 


15W 



7.5W 



PARAMETER 

CONDITIONS (NOTE 1) 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN TYP 

MAX 

MIN 

TYP 

MAX 

MIN TYP 

MAX 

MIN 

TYP 

MAX 


Output Voltage 

Tj = 25°C, V| N = 20V, 

•LOAD = 5 mA 

-15.3 

-15 

-14.7 

-15.4 

-15 

-14.6 

-15.3 -15 

-14.7 

-15.4 

-15 

-14.6 

-15.5 -15 

-14.5 

-15.6 

-15 

-14.4 

V 

Line Regulation 

Tj = 25°C, IlOAD = 5 mA, 

VMIN < VlN < VmAX 


.5 

10 


5 

20 

5 

10 


5 

20 

5 

20 


5 

30 

mV 

Input Voltage 


-35 


-17 

-35 


-17 

-35 

-17 

-35 


-17 

-35 

-17.5 

-35 


-17.5 

V . 

Ripple Rejection 

f- 120 Hz • , 

56 

80 


56. 

80 


56 80 ' 


56 

80 


U1 

05 

CO 

O 


56 

80 


~dB 

Load Regulation, fNote 2) 

Tj = 25°C, V||\| = 20V, 

5 mA < IlOAD < >D 


30 

80 


30 

80 

10 

25 


10 

40 

30 

80 


40 

100 

mV 

Output Voltage, (Note 1) 

17.5V <V| N <VmaX. 

5 mA < IlOAD < *D. p < P D 

-15.5 


-14.5 

-15.6 


-14.4 

-15.5 

-14.5 

-15.6 


-14.4 

-15.7 

-14.3 

-15.7 


-14.3 

V 

Quiescent Current 

VMIN< Vin< vmax 


2 

4 


2 

4 

2 

■4 


2 

4 

2 . 

4 


2 

4 

mA 

Quiescent Current Change 

Tj = 25° C 

Vmin<Vin< vmax 


0.1 

0.4 


0.1 

0.4 

0.05 

0.4 


0.05 

0.4 

0.1 

0.4 


0.05 

0.3 

mA 


5 mA < IlOAD < <D 


0.1 

0.4 


0.1 

0.4 

0.03 

0.4 


0.03 

0.4 

0.1 

0.4 


0.04 

0.25 

mA 

Output Noise Voltage 

T A = 25° C, C L = IpF, 1 (_ = 5 mA, 
V|N = 20V, 10 Hz<f < 100 kHz 


400 



400 


400 



400 


400 



400 


pV 

Long Term Stability 



15 

150 


15 

150 

15 

150 


15 

150 

30 



30 


mV 

Thermal Resistance 



















Junction to Case 




3 



3 


15 



15 

4 



12 


°C/W 

Junction to Ambient 




35 



35 


150 



150 

50 



70 


°c/w 


Note 1: This specification applies over -55°C < Tj < +150°C for the LM1 20, and 0°C < Tj < +1 25°C for the LM320. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty 
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica- 
tions apply only up to Pq- 




Typical Performance Characteristics 


Output Voltage vs 
Temperature 



-50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 

Note: Shaded portion refers 
to LM320 series regulators. 


Ripple Rejection 
(All Types) 



0.01k 0.1k Ik 10k 100k 

FREOUENCY (Hi) 


Output Impedance TO-3 
and TO-220 Packages 


-IOUT“1° 0m A \ =E 

- V|N - V ol | T = 5V= ^"Tso'uD" 

- T: - 25 C TANTAI IIM 


100 Ik 10k 100k 1M 

FREQUENCY (Hi) 


Output Impedance TO-5 
and TO-202 Packages 

lour = 100 mA EE C 0U t = 5jjF ■■ 
V IN -V 0UT = 5V = ALUMINUM = 
T, = 25°C I 


Cqut = IOmF SOLID: 

TANTALUM I 

n- 2 I I 1 

0.01k 0.1k Ik 10k 100k 1M 

FREQUENCY (Hz) 


Minimum Input-Output 
Differential TO-3 and 
TO-220 Packages 



0.25 0.5 0.75 1JI 1.25 1.5 

OUTPUT CURRENT (A) 


Minimum Input-Output 
Differential TO-5 and 
TO-202 Packages 













y 




/ 


T 

= 25°C 


. T, = 5 

5"C 









= 150°C 





i 







1.1 0.2 0.3 0.4 0.5 

OUTPUT CURRENT (A) 


Quiescent Current vs 
Input Voltage 



5 10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 


Quiescent Current vs 
Load Current 



0 0.25 0.5 0.75 1.0 1.25 1.5 

OUTPUT CURRENT (A) 

Note: Shaded area shows operating 
range of TO-5 and TO-202 packages. 


Maximum Average Power 
Dissipation (TO-3) 


TO-3, 2°C/W 
— HEAT SINK* 
\(WAKEFIELD 641 A) 


Q 25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 

*These curves for LM120 and LM220. 
Derate 25°C further for LM320. 


Maximum Average Power 
Dissipation (TO-5) 


| NO HEAT SINK ^|\ 
50 75 100 125 

AMBIENT TEMPERATURE TO 


Maximum Average'Power 
Dissipation (TO-202) 



y 10 20 30 40 50 60 70 

AMBIENT TEMPERATURE (°C) 


Maximum Average Power 
Dissipation (TO-220) 


Sr TO-220 10 cw 

HEATSINK . 

--.~TO-220. NO SINK 
25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 


Short Circuit Current 


Tj = 1 50°^^^^^^^^^ -220 

} ' | | TO-5 & TO-202 

0 5 10 15 20 25 30 35 40 

V|N-V 0UT <V) J ' 


1-35 


LM120 Series 



LM120 Series 
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Typical Applications (Continued) 


±15V, 1 Amp Tracking Regulators 



Load Regulation at « 1 A 1 0 mV 1 mV 

Output Ripple, C| N • 3000yF, l L =■ 1A lOOMVrms IM/iVrms 

Temperature Stability +50 mV +50 mV 

Output Noise 10 Hz <f<, 10 kHz 150MVrms 150/aVrms 

'Resistor tolerance of R4 and R5 determine matching of (+) and (-) outputs. 
"Necessary only if raw supply filter capacitors are more than 2" from regulators. 


Connection Diagrams 

Metal Can Package (TO-39) (H) 





BOTTOM VIEW 


Steel Metal Can Package TO-3 (K) 



BOTTOM VIEW 


INPUT 

(CASE) 


Aluminum Metal Can 
Package TO-3 (KC) 


BOTTOM VIEW 



Order Numbers: 

LM120H-5.0 
LM320H-5.0 
LM120H-12 
LM320H-12 
LM120H-15 
LM320H-15 
See NS Package H03A 


Power Package TO-202 (P) 

INPUT 



Order Numbers: 

LM320MP-5.0 
LM320MP-12 
LM320MP-15 
See NS Package P03A 
For Tab Formed TO-202 
Order Numbers: 
LM320MP-5.0 TB 
LM320MP-12 TB 
LM320MP-15 TB 
See NS Package P03E 


Order Numbers: 

LM120K-5.0 
LM220K-5.0 
LM320K-5.0 
LM120K-12 
LM220K-12 
LM320K-12 
LM120K-15 
LM320K-15 
See NS Package K02A 


Order Numbers: 

LM320KC-5.0 
LM320KC-12 
LM320KC-15 
See NS Package KC02A 


Power Package TO-220 (T) 


o 


OUT 
IN ' 


GNO 


TOP VIEW 


Order Numbers: 


LM320T-5.0 
LM320T-12 
LM320T-15 
See NS Package T03B 
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LM120 Series 




LM120 Series 


Schematic Diagrams 


— 5V 



-12V and -15V 
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5 


Voltage Regulators 


National 
Semiconductor 

LM123/LM223/LM323 3 Amp, 5 Volt Positive Regulator 


General Description 

The LM123 is a three-terminal positive regulator 
with a preset 5V output and a load driving capa- 
bility of 3 amps. New circuit design and processing 
techniques are used to provide the high output 
current without sacrificing the regulation charac- 
teristics of lower current devices. 

The 3 amp regulator is virtually blowout proof. 
Current limiting, power limiting, and thermal 
shutdown provide the same high level of reliability 
obtained with these techniques in the LM109 
1 amp regulator. 

No external components are required for operation 
of the LM123. If the device is more than 4 inches 
from the filter capacitor, however, a 1/iF solid 
tantalum capacitor should be used on the input. 
A 0.1/iF or larger capacitor may be used on the 
output to reduce load transient spikes created by 
fast switching digital logic, or to swamp out stray 
load capacitance. 

An overall worst case specification for the combined 
effects of input voltage, load currents, ambient 


temperature, and power dissipation ensure that 
the LM123 will perform satisfactorily as a system 
element. 

For applications requiring other voltages, see 
LM150 series data sheet. 

Operation is guaranteed over the junction tempera- 
ture range -55°C to +150°C. An electrically 
identical LM223 operates from -25°C to +150°C 
and the LM323 is specified from 0°C to +125°C 
junction temperature. A hermetic TO-3 package is 
used for high reliability and low thermal resistance. 

Features 

■ 3 amp output current 

■ Internal current and thermal limiting 

■ 0.0112 typical output impedance 

■ 7.5 minimum input voltage 

■ 30W power dissipation 

■ 100% electrical burn-in 


Schematic Diagram 



Connection Diagram 


Typical Applications 


Metal Can Package 



IOTTOM VIEW 


Order Number LM123K STEEL, 
LM223K STEEL or LM323K STEEL 
See NS Package K02A 


Basic 3 Amp Regulator 


'Required if LM1 23 is more thin 4" from filter capacitor. 
^Regulator is stable with no load capacitor into resistive 
loads. 
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LM123/LM223/LM323 




LM123/LM223/LM323 


20V 

Internally Limited 

-55°C to +150°C 
-25°C to +150°C 
0°C to +125°C 
-65°C to +1 50°C 
300° C 

Preconditioning 

Burn-In in Thermal Limit 100% All Devices 


Electrical Characteristics (Note 1 ) 


PARAMETER 


| LM123/LM223 | 

| LM323 | 

UNITS 


MIN 

tYp 

MAX 

MIN 

TYP 

MAX 

Output Voltage 

Tj = 25°C 

V in =7.5V, I O ut = 0 

4.7 

5 

5.3 

4.8 

5 

5.2 

V 

Output Voltage 

7.5V <V tN < 15V 

0^ l OUT < 3A, P < 30W 

4.6 


5.4 

4.75 


' 5.25 

V 

Line Regulation (Note 3) 

Tj = 25° C 

7.5V ^ V IN ^ 15V 


' 5 

25 


5 

25 

mV 

Load Regulation (Note 3) 

Tj - 25°C,'V IN ' = 7.5V, 

0 — Iout — 3A 1 


•25 

100 


25 

100 

mV 

Quiescent Current 

7.5V < V l(st ^ 15V, 

0 ^ Iout — 3A 


12 

20 


12 

20 

nriA 

Output Noise Voltage 

Tj = 25°C 

' 10Hz<f<100kHz 


40 



. 40 


/uVrms 


Tj = 25° C 








Short Circuit Current Limit 

V,n = 15V 


3 

4.5 


3 

4.5 

A 


Vin = 7.5V 


4 

5 


4 

5 

A 

Long Term Stability 




35 



35 

mV 

Thermal Resistance Junction 
to Case (Note 2) 



2 



2 


°c/w 


Note 1: Unless otherwise noted, specifications apply for -55°C — Tj ^ +150°C for the LM123, -25° C — Tj ^ +150°C for the 
LM223, and 0°C ^ Tj ^ +125°C for the LM323. Although power dissipation is internally limited, specifications apply only 
for P < 30 W. 

Note 2: Without a heat sink, the thermal resistance of the TO-3 package is about 35°C/W. With a heat sink, the effective 
thermal resistance can only approach the specified values of 2°C/W, depending on the efficiency of the heat sink. 

Note 3: Load and line regulation* are specified at constant junction temperature. Pulse testing is required with a pulse 
width ^1 ms and a duty cycle ^ 5%. 

Typical Applications (Continued) 

Adjustable Output 5V — 10V 0.1% Regulation 


Absolute Maximum Ratings 

Input Voltage 
Power Dissipation 

Operating Junction Temperature Range 
LM123 
LM223 
LM323 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 
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Typical Performance Characteristics 


Maximum Average Power 
Dissipation For LM123; 
LM223 



25 50 75 100 125 

T A - AMBIENT TEMPERATURE ( C) 


Maximum Average Power 

Dissipation For LM323 Output Impedance 




25 50 75 100 125 1 10 100 IK 10K 100K 1M 


T a - AMBIENT TEMPERATURE (°C) 


FREQUENCY (Hz) 



5 10 15 20 

INPUT VOLTAGE (V) 



5 10 15 20 

INPUT VOLTAGE (V) 


Ripple Rejection 



1 10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 


Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Line Transient Response 



o a 






L 

150 mA 
= O.lpF ~ 
25°C 


A 



Cl 

T, 


_1 





L 













V 


- 






















0 1 2 3 4 5 

TIME (ps) , 


Output Voltage 



-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 



0 4 8 12 16 20 

INPUT VOLTAGE (V) 


CD 



Load Transient Response 


V IN = 10V 





Tj 

25°C 




V 













Cl 

= 10a 

F 





SOLID TANT* 

LUM 


£ 


^c L 

= 0.1 

uF 
































0 1 2 3 4 5 

TIME (ps) 


Output Noise Voltage 



10 100 IK 10K 

FREQUENCY (Hi). 
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LM123/LM223/LM323 



LM123/LM223/LM323 
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National Voltage Regulators 

Semiconductor 


LM125/LM325/LM325A, LM126/LM326 Voltage Regulators 


Features 

■ ±15V and ±12V tracking outputs 

■ Output currents to 100 mA 

■ Output voltages balanced to within 1% (LM125, 
LM126, LM325A) 

■ Line and load regulation of 0.06% 

■ Internal thermal overload protection 

■ Standby current drain of 3 mA 

■ Externally adjustable current limit 

■ Internal current limit 


General Description 

These are dual polarity tracking regulators design- 
ed to provide balanced positive and negative out- 
put voltages at current up to 100 mA, the devices 
are set for ±15 V, ±12 V and +5, -12 V outputs 
respectively. Input voltages up to ±30 V can be used 
and there is provision for adjustable current limit- 
ing. These devices are available in three package 
types to accommodate various power requirements 
and temperature ranges. 



Schematic and Connection Diagrams 



Dual-ln-Line Package 



Order Number LM325AN, LM325N, 
or LM326N 
See NS Package N14A 


Metal Can Package 


* CURRENT llMIl 
♦ SENSE 



Order Number LM125H, 
LM325H, LM126H or 
LM326H 

See NS Package H 10C 
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LM125/LM325/LM325A, 

LM126/LM326 



LM125/LM325/LM325A, 

LM126/LM326 


Absolute Maximum Ratings 


Input Voltage > ±30V 

Forced Vq + (min) (Note 1) -0.5V 

Forced Vq” (max) (Note 1) +0.5V 

Power Dissipation (Note 2) P|VIAX 

Output Short-Circuit Duration (Note 3) Indefinite 


Operating Conditions 

Operating Temperature Range 

LM125 -55° C to +125°C 

LM325, LM325A 0°C to +70°C 

Storage Temperature Range -€5°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics lmi 25 /lm 325 /lm 325 a (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

. 

Output Voltage 

Tj = 25°C 





LM125, LM325A 


14.8 

15 

15.2 

V 

LM325 


14.5 

! 15 

15.5 

V 

Input-Output Differential 


2.0 



V 

Line Regulation 

V in = 18V to 30V, l L = 20 mA, 


2.0 

10 

mV 


Tj = 25° C 





Line Regulation Over Temperature 

V IN = 18V to 30V, l L = 20 mA 


2.0 

20 

mV 

Range 






Load Regulation 

l L = 0to 50 mA, V IN = ±30V, 





v 0 + 

Tj = 25° C 


3.0 

10 

mV 

Vo" 



5.0 

10 

mV 

Load Regulation Over Temperature 

l L =0to 50 mA, V, N = ±30V 





Range 






V 0 + 



4.0 

20 

mV 

Vo" 



7.0 

20 

mV 

Output Voltage Balance 

Tj = 25° C 





LM125/LM325A 




±150 

mV 

LM325 




±300 

mV 

Output Voltage Over Temperature 

P < Pmax« 0 < l 0 .< 50 mA, 





Range 

18V < IV, N I <30 





LM125/LM325A 


14.65 


15.35 

V 

LM325 


14.27 


15.73 

V 

Temperature Stability of V Q 



±0.3 


% 

Short Circuit Current Limit - 

Tj = 25° C 


260 


mA 

Output Noise Voltage ' 

Tj = 25° C, BW = 100- 10 kHz 


150 


pVrms 

Positive Standby Current 

Tj = 25° C 


1.75 

3.0 

mA 

Negative Standby Current 

Tj = 25° C 


3.1 

5.0 

mA 

Long Term Stability 



0.2 


%/kHr 

Thermal Resistance Junction to 






Case (Note 4) 






LM125H, LM325H 



45 


°C/W 

Junction to Ambient 






LM325AN, LM325N 



150 


°C/W 


Note 1: That voltage to which the output may be forced without damage to the device. 

Note 2: Unless otherwise specified, these specifications apply for Tj = -55° C to +150°C on LM125, Tj = 0°C to +125°C 
on LM325 and LM325A, V||\| = ±20V, lj_ = 0 mA, I MAX = 100 mA, P|\/]AX = 2.0W for the TO-5 H package. 1 MAX = 
100 mA, P[viAX = 1 *0W for the DIP N package. 

Note 3: If the junction temperature exceeds 1 50°C the output short circuit duration is 60 seconds. 

Note 4: Without a heat sink, the thermal resistance junction to ambient of the TO-5 Package is about 150°C/W. With a heat 
sink, the effective thermal resistance can only approach the junction to case values specified, depending on the efficiency 
of the sink. 
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Absolute Maximum Ratings 

Input Voltage 

Forced V 0 + (Min) (Note 1) 

Forced Vq“ (Max) (Note 1) 

Power Dissipation (Note 2) 

Output Short-Circuit Duration (Note 3) 
Operating Temperature Range 
LM126 
LM326 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


±30V 

-0.5V 

+0.5V 

Internally Limited 
Indefinite 

-55°Cto +125°C 
0°C to +70°C 
~65°C to +1 50°C 
300°C 


Electrical Characteristics lmi 26 /lm 326 (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

T, = 25°C 





LM126 


11.8 

12 

12.2 

V 

LM326 


' 11.5 


12.5 

V 

Input-Output Differential 


2.0 



V 

Line Regulation 

V, N = 15V to 30V 
l L = 20 mA, T, = 25° C 


2.0 

10 

mV 

Line Regulation Over Temperature Range 

V IN = 15V to 30V, l L .= 20 mA 


2.0 

20 

mV 

Load Regulation 

l L - 0 to 50 mA, V| N = ±30V, 





v Q + 

T, = 25°C 


3.0 

10 

mV 

Vo~ 



5.0 

10 

mV 

Load Regulation Over Temperature Range 

l L =0to 50 mA, V, N = ±30V 





v 0 + 



4.0 

20 

mV 

Vo' 



7.0 

20 

mV 

Output Voltage Balance 

Tj = 25°C 





LM126 




±125 

mV 

LM326 




±250 

mV 

Output Voltage Over Temperature Range 

P<Pmax.0<I o <50 mA 





LM126 

15V < IV, N I< 30V 

11.68 


12.32 

V 

LM326 


11.32 


12.68 

V 

Temperature Stability of V Q 



±0.3 


% 

Short Circuit Current Limit 

T, = 25°C 


260 


mA 

Output Noise Voltage ^ 

Tj = 25°C, BW = 100 -10 kHz 


100 


/jVrms 

Positive Standby Current 

T, = 25°C, l L = 0 


1.75 

3.0 

mA 

Negative Standby Current 

T, = 25°C, 1 L = 0 


3.1 

5.0 

mA 

Long Term Stability 



0.2 


%/kHr 

Thermal Resistance Junction to Case (Note 4) 






LM1 26H/LM326H 



45 


°C/W 

Junction to Ambient LM326N 



150 


°C/W 


Note 1: That voltage to which the output may be forced without damage to the device. 

Note 2: Unless otherwise specified, these specifications apply for Tj = — 55°C to +150°C on LM126, Tj = 0°C to +125°C 6n 
LM326, V, N = ±20V, l L = 0 mA. 1 MAX = 100 mA, P MAX = 2.0W for the TO-5 H Package. I MAX = 100 mA, P MAX = 10W 
for the DIP N Package. 

Note 3: If the junction temperature exceeds 1 50°C the output short circuit duration is 60 seconds. 

Note 4: Without a heat sink, the thermal resistance junction to ambient of the TO-5 Package is about 150°C/W. With a heat 
sink, the effective thermal resistance can only approach the junction to case values specified, depending on the efficiency 
of the sink. 
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LM125/LM325/LM325A, 

LM126/LM326 



LM125/LM325/LM325A, 

LM126/LM326 


Typical Performance Characteristics (Vin = ±20V, l L = 0 mA, Tj = 25°C, unless otherwise noted.) 


LM125 Load Regulation 



LM126 Load Regulation 



LM125/126 Regulator 
Dropout Voltage for 
Positive Regulator 



LOAD CURRENT (mA) 


LM1 25/126 Regulator 
Dropout Voltage for 
Negative Regulator 



LOAD CURRENT (mA) 


LM125/126 Peak Output 
Current vs 

Junction Temperature 



-50 0 50 100 150 

JUNCTION TEMPERATURE (°C) 


LM125/126 

Maximum Average Power 
Dissipation vs 
Ambient Temperature 



-55 -25 0 +25 +50 +75 +100 +125 

T a - AMBIENT TEMPERATURE ( C) 


LM325/326 

Maximum Average Power 
Dissipation vs 
Ambient Temperature 



0 25 50 75 100 

T a - AMBIENT TEMPERATURE ( C) 


LM125/126 Current 
Limit Sense Voltage vs 
Temperature for Negative 
Regulator 


LM 125/1 26 Current 
Limit Sense Voltage vs 
Temperature for Positive 
Regulator 


LM 125/1 26 
Standby Current Drain 



JUNCTION TEMPERATURE ( C) 


JUNCTION TEMPERATURE (°C) 


INPUT VOLTAGE (+V) 
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Typical Performance Characteristics (Continued) 

LM125 

Load Transient Response LM126 

for Negative Regulator Load Transient Response 




TIME (WOIV) 


TIME (WOIV) 


LM125 

Load Transient Response LM126 

for Positive Regulator Load Transient Response 




TIME(WDIV) TIME (WOIV) 


LM125 

Line Transient Response LM126 

for Positive Regulator Line Transient Response 




TIME (2ns/0IV) 

LM125 

Line Transient Response 



TIME (10/is/DI V) 


TIME (2/is/DIV) 


LM126 

Line Transient Response 



TIME (15/js/DIV) 
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LM125/LM325/LM325A, 

LM126/LM326 




125/LM325/LM325A, 

I126/LM326 


Typical Performance Characteristics (Continued) 


LM125 

Ripple Rejection 


LM125 

Output Impedance 
vs Frequency 



100 1.0k 10k 100k INI 


100 1.0k 10k 100k INI 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


LM126 

Ripple Rejection 


LM126 

Output Impedance 
vs Frequency 



100 1.0k 10k 100k 1.0M 


100 1.0k 10k 100k 1.0NI 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Typical Applications 

Note. Metal can (H) packages shown. 



tSOUO TANTALUM 
SHORT PINS 6 AND 7 ON DIP. 

w R cl CAN BE ADDED TO THE BASIC REGULATOR BETWEEN PINS 6 AND 5. 1 AND 2 I 

TO REDUCE CURRENT LIMIT. 

•REQUIRED IF REGULATOR IS LOCATED AN APPRECIABLE DISTANCE FROM POWER 
SUPPLY FILTER. 

"ALTHOUGH NO CAPACITOR IS NEEDED FOR STABILITY, IT DOES HELP TRANSIENT 
RESPONSE. (IF NEEDED USE I^F ELECTROLYTIC). 

"•ALTHOUGH NO CAPACITOR IS NEEDED FOR STABILITY, IT DOES HELP TRANSIENT 
RESPONSE. (IF NEEDED USE 10^F ELECTROLYTIC). 
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LM126/LM326 






LM130/LM330 



National 

Semiconductor 


Voltage Regulators 

PRELIMINARY 


LM130/LM330 3-Terminal Positive Regulators 


General Description 

The LM130 series of 3-terminal positive voltage 
regulators feature an ability to source full output current 
with an input-output differential of 0.5V or less. Familiar 
regulator features such as current limit and thermal 
overload protection are also provided. 

The low in-out differential voltage makes the LM130 
useful for certain battery applications since this feature 
allows a longer battery discharge before the output falls 
out of regulation. For example, a 9V battery supplying the 
regulator input voltage discharges to below 5 V 2 V before 
any change is noted in the output. Supporting this 
feature, the LM130 protects both itself and regulated 
systems from negative voltage inputs resulting from 
reverse installations of batteries. 

Other protection features include line transient protec- 
tion up to 50V, when the output actually shuts down 
to avoid damaging internal and external circuits. Also, 
the LM330 regulator in the TO-202 package cannot be 
harmed by a temporary mirror-image insertion. 


Schematic 


A fiked output of 5V is available in the 3-lead her- 
metic metal can and the plastic TO-202 power package 
(LM330 only). 

Features 

■ Input-output differential less than 0.5V 

■ Output current of 150mA 

■ Reverse battery protection 

■ Line transient protection 

■ Internal short circuit current limit 

■ Internal thermal overload protection 

■ Mirror-image insertion protection 

■ Available in plastic TO-202 (LM330) 

Voltage Range 

LM130H-5.0 5V 

LM330H-5.0 5V 

LM330P-5.0 5V 

L 
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Absolute Maximum Ratings 


Input Voltage 
Operating Range 

Line Transient Protection (1000 ms) 
Internal Power Dissipation 
Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


LM130 LM330 


30V 

50V 

Internally Limited 

- 55 °C to + 125 °C 

+ 150 °C 

- 65 °C to + 150°C 

+ 300 °C 


26V 

26V 

Internally Limited 
0°C to + 70 °C 
+ 125 °C 

- 65 °C to + 150 °C 
+ 300 °C 


Electrical Characteristics (Note d 


Parameter 

Conditions 

| LM130 | 

| LM330 | 





Min 

Typ 

Max 

Units 


Output Voltage 

Tj = 25°C 

4.8 

5 

5.2 

4.8 

5 

5.2 



Output Voltage 

Over Temp 

5 < l 0 < 150mA 

6<V, n <26V 

4.75 


5.25 

4.75 


5.25 

V 

AV 0 

Line Regulation 

9<V,n< 16V l 0 = 5mA 


7 

15 


7 

25 




6 < V, N < 26V, l 0 = 5mA 


30 

45 


30 

60 

mV 


Load Regulation 

5 < l D < 150mA 


14 

25 


14 

50 



Long Term Stability 


20 

20 

mV/1000 hrs 

| 

Quiescent Current 

l 0 = 10 mA 


3.5 

5 


3.5 

7 




l 0 = 50 mA 


5 

7 


5 

9 


■ 


l 0 = 150 mA 


18 

30 


18 

40 

mA 


Line Transient 

V in = 40V, R l = 10012,1 sec 


25 

40 


25 




Reverse Polarity 

V, N = - 6V, R L = 10012 


-80 



-80 



AIq 

Quiescent Current 
Change 

6<V in <26V 

10 

10 

% 

■B 

Max Operational 

Input Voltage 


30 

35 






1 

Max Line Transient 

100 ms V 0 < 5.5V 

50 

60 



60 


v 


* 

1 sec V 0 <5.5V 

40 

50 



50 



1 

Reverse Polarity 

100 ms V 0 > - 0.3V R L = 10012 


-30 

-15 


-30 




Input Voltage 

1 1 1 1 1 1 1 1 H II 1 


-12 

-6 


-12 



Output Noise Voltage 

10 Hz-100 kHz 

50 

50 

mV 

Output Impedance 

l 0 = 100 mADC + 10 mArms 

200 

200 

mfi 

Ripple Rejection 


56 

56 

dB 

Current Limit 


150 

400 

700 

150 

400 

700 

mA 

Dropout Voltage 

l 0 = 150 mA 


0.4 

0.5 


0.4 

0.6 

V 


Thermal Resistance 

Junction to Case 










TO-39 


40 



40 





TO-202 

Junction to Ambient 


— 



12 


°C/W 



TO-39 


140 



140 





TO-202 


— 



70 




Note 1: Unless otherwise specified: V|n = 14V, l 0 = 200 mA, Tj = 25 °C, Cl = 0.1 yF, C2 = 10 ^F. All characteristics except noise voltage and ripple rejection are 
measured using pulse techniques (t w <10 ms, duty cycle<5%). Output voltage changes due to changes in internal temperature must be taken into account 
separately. 
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LM130/LM330 














































LM130/LM330 
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RIPPLE REJECTION (dB) QUIESCENT CURRENT (mA) OUTPUT CURRENT (mA) 


Typical Performance Characteristics (Continued) 


Peak Output Current 


Quiescent Current 

70 


V|| 

-T; 

N = 1 
= 25‘ 

14V 

3 C 








J 







































7 








7 







= — ’ 







INPUT VOLTAGE (V) 


OUTPUT CURRENT (mA) 


Quiescent Current 


Quiescent Current 


-60 -40 0 40 80 120 160 

JUNCTION TEMPERATURE (°C) 












L't 

= 9 

! 1 












■j 

- L 















































































1 

% 




■ 



>c 

i = 

zuu mA 



In = 100 mA 


Iq = 50 mA 


10 20 
INPUT VOLTAGE (V) 


Ripple Rejection 
| Iq = 50 mA 


Ripple Rejection 


100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


10 L V| N = 14V 
I f 0 = 120 Hz 

0 

0 50 


50 1UU IbU 
OUTPUT CURRENT (mA) 
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LM130/LM330 


Typical Performance Characteristics (Continued) 


Output Impedance 


Overvoltage Supply Current 


Reverse Supply Current 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



20 25 30 35 40 

INPUT VOLTAGE (V) 



-12 -10 -8 -6 -4 -2 0 

INPUT VOLTAGE (V) 


Output at Reverse Supply 


Output at Overvoltage 


Output Voltage (Normalized 
to 5V at Tj = 25°C) 



-12 -10 -8 -6 -4 -2 0 

INPUT VOLTAGE (V) 




30 35 40 -60 - 40-20 0 20 40 60 80 100 120 140 

INPUT VOLTAGE (V) JUNCTION TEMPERATURE (°C) 


Typical Application 


V IN 

UNREGULATED 

INPUT 


LM130 

O-O— V, N Vqut — f— O 

1*JJ — — LL.m 


Cl* 

0.1 



v out| 

1 GND | 


] ,Q 


T 


v 0UT 

REGULATED 

OUTPUT 

C2** 

10 mF 


* Required if regulator is located far from power supply filter 
** C2 must be at least lOjuF to maintain stability. May be increased without bound. Locate as close as 
possible to regulator. 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further 
reduction in input voltage. Measured when the output 
voltage has dropped 100 mV from the nominal value 
obtained at 14V input, dropout voltage is dependent upon 
load current and junction temperature. 

Input Voltage: The DC voltage applied to the input ter- 
minals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output 
voltage for which the regulator will operate. 

Line Regulation: The ,change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation or by using pulse 
techniques such that the average chip temperature is not 
significantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 


Long Term Stability: Output voltage stability under 
accelerated life-test conditions after 1000 hours with 
maximum rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current.The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input rip- 
ple voltage to the peak-to-peak output ripple voltage. 

Temperature Stability of V D : The percentage change in 
output voltage for a thermal variation from room 
temperature to either temperature extreme. 


Connection Diagrams 


(TO-39) 

Metal Can Package 


(TO-202) 
Plastic Package 



GND 



V 0 UT 

GND 

V|N 


Order Number 


Order Number 


LM130H-5.0 

LM330H-5.0 

See Package H03B 


LM330P-5.0 TB 
See Package P03E 
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LM137/LM237/LM337 


5 


National 
Semiconductor 

LM137/LM237/LM337 3-Terminal Adjustable 


Voltage Regulators 


Negative Regulators 

General Description 

The LM137/LM237/LM337 are adjustable 3-terminal 
negative voltage regulators capable of supplying in excess 
of — 1.5A over an output voltage range of —1.2V to 
—37V. These regulators are exceptionally easy to apply, 
requiring only 2 external resistors to set the output 
voltage and 1 output capacitor for frequency compensa- 
tion. The circuit design has been optimized for excellent 
regulation and low thermal transients. Further, the 
LM137 series features internal current limiting, thermal 
shutdown and safe-area compensation, making them 
virtually blowout-proof against overloads. 

The LM137/LM237/LM337 serve a wide variety of 
applications including local on-card regulation, program- 
mable-output voltage regulation or precision current 
regulation. The LM137/LM237/LM337 are ideal comple- 
ments to the LM1 17/LM217/LM317 adjustable positive 
regulators. 

Features 

■ Output voltage adjustable from —1.2V to —37V 
* 1.5A output current guaranteed, -55°C to +1 50°C 


■ Line regulation typically 0.01%/V 

■ Load regulation typically 0.3% 

■ Excellent thermal regulation, 0.002%/W 

■ 77 dB ripple rejection 

■ Excellent rejection of thermal transients 

■ 50 ppm/°C temperature coefficient 

■ Temperature-independent current limit 

■ Internal thermal overload protection 

■ 100% electrical burn-in 

B Standard 3-lead transistor package 


LM137 Series Packages and Power Capability 




RATED 

DESIGN 

DEVICE 

PACKAGE 

POWER 

LOAD 



DISSIPATION 

CURRENT 

LM137 

TO-3 

20W 

1.5A 

LM237 

LM337 

TO-39 

2W 

0.5A 

LM337T 

TO-220 

15W 

1.5A 

LM337M 

TO-202 

7.5W 

0.5A 


Typical Applications 


Adjustable Negative Voltage Regulator 




*C1 = 1 mF solid tantalum or 10 juF aluminum electrolytic required for stability 
*C2 = 1 nf solid tantalum is required only if regulator is more than 4" from 
power-supply filter capacitor 
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Absolute Maximum Ratings 








Power Dissipation 

Internally limited 








Input— Output Voltage Differential 40V 

Operating Junction Temperature Range 



t 





LM137 

-55°C to +150°C 








LM237 

-25°C to +1 50°C 








LM337 

0°C to +125°C 








Storage Temperature 

-65° C to +1 50° C 








Lead Temperature (Soldering, 10 seconds) 300°C 








Preconditioning 









Burn-In in Thermal Limit 

100% All Devices 








Electrical Characteristics (Note'u 








PARAMETER 


LM137/LM237 

LM337 

UNITS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Line Regulation 

T A = 25° C, 3V < |V| N -VoutI < 40V 
(Note 2) 


0.01 

0.02 


0.01 

0.04 

%/V 

Load Regulation 

Ta = 25°C, 10 mA < loUT < 'MAX 
IVOUTI < 5V, (Note 2) 


15 

25 


• 15 

50 

mV 


IVOUTI > 5V, (Note 2) 


0.3 

0.5 


0.3 

1.0 

% 

Thermal Regulation 

T A = 25° C, 10 ms Pulse 


0.002 

0.02 



0.04 

%/W 

Adjustment Pin Current 



65 



65 


AiA 

Adjustment Pin Current Change 

10mA < Il< IMAX 

2.5V < i V |jvj — V 0 U T 1 < 40V, T A = 25°C 


2 

5 


2 

5 

M a 

Reference Voltage 

T A = 25° C (Note 3) 

-1.225 

-1.250 

-1.275 

-1.213 

-1.250 

-1.287 

V 

' 

3 < |V||M-V 0U Ti < 40V, (Note 3) 

10 mA < loUT < IMAX* P < ?MAX 

-1.200 

-1.250 



-1.250 


V 

Line Regulation 

3V < 1 V| |sj — VquTI < 40V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10 mA < l0UT< IMAX. (Note 2) 

IVOUTI <5V 


20 

50 


20 

70 

mV 


IVOUTI > 5V 


0.3 

1 



1.5 

% 

Temperature Stability 

TMIN<Tj<TMAX 


0.6 



0.6 


% 

Minimum Load Current 

|V|N-VOUTI<40V 


2.5 

5 


2.5 

10 

mA 


iVin-vouti<iov 


1.2 

3 


1.5 

6 

mA 

Current Limit 

|V|N-V0UTl<15V 

K and T Package 

1.5 

2.2 


1.5 

2.2 


A 


H and P Package 

0.5 

0.8 


0.5 

0.8 


A 


IV|N-V0UTl = 40V, Tj = +25° C 

K and T Package 

0.24 

0.4 


0.15 

0.4 


A 


H and P Package 

0.15 

0.20 


0.10 

0.20 


A 

RMS Output Noise, % of Vqut 

T A = 25° C, 10 Hz < f < 10 kHz 


0.003 





% 

Ripple Rejection Ratio 

VoUT = “10V,f = 120 Hz 


60 



60 


dB 


CADJ = 10/jF 

66 

77 


66 

77 


dB 

Long-Term Stability 

T A = 125°C, 1000 Hours 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction to Case 

H Package 


12 

15 


12 

15 

°C/W 


K Package 


2.3 

3 


2.3 

3 

°c/w 


T Package 





4 


°c/w 


P Package 





12 


°c/w 

Note 1: Unless otherwise specified, these specifications apply -55°C < Tj < +150°C for the LM137, -25°C < Tj < +150° C for the LM237 and 
0°C < Tj < +125°C for the LM337; V | jsj — Vqut = 5V; and loUT = 0.1 A for the TO-5 package and TO-202 package and loUT = 0.5A for the 
TO-3 package and TO-220 package. Although power dissipation is internally limited, these specifications are applicable for power dissipations of 

2W for the TO-5 and TO-202 and 20W for the TO-3 and TO-220. ImaX is 1.5A f° r the TO-3 and TO-220 package and 0.5A for the TO-202 

package, and 0.2A for the TO-39 package. 








Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to 
heating effects are covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point 1/8” below 

the base of the TO-3 and TO-39 packages. 

Note 3: Selected devices with tightened tolerance reference voltage available. 
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LM137/LM237/LM337 



When power is dissipated in an 1C, a temperature 
gradient occurs across the 1C chip affecting the individual 
1C circuit components. With an 1C regulator, this gradient 
can be especially severe since power dissipation is large. 
Thermal regulation is the effect of these temperature 
gradients on output voltage (in percentage output change) 
per Watt of power change in a specified time. Thermal 
regulation error is independent of electrical regulation or 
temperature coefficient, and occurs within 5 ms to 50 ms 
after a change in power dissipation. Thermal regulation 
depends on 1C layout as well as electrical design. The 
thermal regulation of a voltage regulator is defined as the 
percentage change of VoUT* P er Watt, within the first 
10 ms after a step of power is applied. The LM137's 
specification is 0.02%/W, max. 



I L = 0A 0.25A 0A 
Vertical sensitivity, 5 mV/div 

FIGURE 1 


In Figure 1 , a typical LM137's output drifts only 3 mV 
(or 0.03% of VoUT = —10V) when a 10W pulse is 
applied for 10 ms. This performance is thus well inside 
the specification limit of 0.02%/W x 10W = 0.2% max. 
When the 10W pulse is ended, the thermal regulation 
again shows a 3 mV step as the LM137 chip cools 
off. Note that the load regulation error of about 8 mV 
(0.08%) is additional to the thermal regulation error. 
In Figure 2, when the 10W pulse is applied for 100 ms, 
the output drifts, only slightly beyond the drift in the 
first 10 ms, and the thermal error stays well within 
0.1% (10 mV). 



LM137, V OU T = -10V 

V IN~ V OUT = ~ 40V 
I L = 0A -*> 0.25A -r* 0A 
Horizontal Sensitivity, 20 ms/div 

FIGURE 2 
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Connection Diagrams 


TO-3 

Metal Can Package 


TO-39 

Metal Can Package 




Order Number: 
LM137K STEEL 
LM237K STEEL 
LM337K STEEL 
See NS Package K02A 


CASE IS INPUT 
BOTTOM VIEW 
Order Number: 
LM137H 
LM237H 
LM337H 

See NS Package H03A 


Typical Applications (Continued) 

Adjustable Lab Voltage Regulator 




Negative Regulator with Protection Diodes 



the LM137 in case the input supply is shorted 

**When C2 is larger than 1 0 juF and — Vqu j is 
larger than —25V, D2 protects the LM137 in 
case the output is shorted 


TO-220 
Plastic Package 

nor 


TO-202 
Plastic Package 


V| N 


The IOjliF capacitors are optional to improve.ripple rejection 
Current Regulator 


-VQUT 



V|N 

FRONT VIEW 


FRONT VIEW 


Order Number: 

LM337T 

See NS Package T03B For Tab Bend TO-202 Order Number: 

3 I TD 


Order Number: 
LM337MP 

See NS Package P03A 


LM337MP TB 
See NS Package P03E 


-5.2V Regulator with Electronic Shutdown* 



Minimum output = —1.3V when control input is low 

Adjustable Current Regulator 



±15% adjustable 

High Stability —10V Regulator 
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National 

Semiconductor 


Voltage Regulators 


LM137HV/LM237HV/LM337HV 3-Terminal Adjustable 
Negative Regulators (High Voltage) 


General Description 

The LM137HV/LM237HV/LM337HV are adjustable 
3-terminal negative voltage regulators capable of sup- 
plying in excess of — 1.5A over an output voltage range 
of —1.2V to -47V. These regulators are exceptionally 
easy to apply, requiring only 2 external resistors to set 
the output voltage and 1 output capacitor for frequency 
compensation. The circuit design has been optimized for 
excellent regulation and low thermal transients. Further, 
the LM137HV series features internal current limiting, 
thermal shutdown and safe-area compensation, making 
them virtually blowout-proof against overloads. 

The LM137HV/LM237HV/LM337HV serve a wide 
variety of applications including local on-card regula- 
tion, programmable-output voltage regulation or pre- • 
cision current regulation. The LM137HV/LM237HV/ 
LM337HV are ideal complements to the LM117HV/ 
LM217HV/LM317HV adjustable positive regulators. 


Features 

■ Output voltage adjustable from -1.2V to -47V 

■ 1 .5A output current guaranteed, -55°C to +1 50°C 

■ Line regulation typically 0.01%/V 

■ Load regulation typically 0.3% 

■ Excellent thermal regulation, 0.002%/W 

■ 77 dB ripple rejection 

■ Excellent rejection of thermal transients 

■ 50 ppm/°C temperature coefficient 

■ Temperature-independent current limit 

■ Internal thermal overload protection 

■ 100% electrical burn-in 

® Standard 3-lead transistor package 


Typical Applications 

Adjustable Negative Voltage Regulator 




*C1 = 1 /uF solid tantalum or 10 juF aluminum electrolytic required for stability 
*C2 = 1 juF solid tantalum is required only if regulator is more than 4" from 
power-supply filter capacitor 



1-61 


LM137HV/LM237HV/LM337HV 





LM137HV/LM237HV/LM337HV 


Absolute Maximum Ratings 








Power Dissipation 

Internally limited 







Input— Output Voltage Differential 50V 







Operating Junction Temperature Range 








LM137HV 

-55°C to +1 50° C 







LM237HV 

-25°C to +150°C 







LM337HV 

0°C to +125°C 







Storage Temperature 

-65° C to +1 50° C 







Lead. Temperature (Soldering, 10 seconds) , 300°C 







Preconditioning 









Burn-In in Thermal Limit 

100% All Devices 







Electrical Characteristics (Note i> 








PARAMETER 

CONDITIONS 

LM137HV/LM237HV 

LM337HV 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Line Regulation 

Ta = 25°C, 3V < |V|N-V 0U Ti < 50V, 
(Note 2) 


0.01 

0.02 


0.01 

0.04 

%/V 

Load Regulation 

Ta = 25°C, 10 mA< loUT< IMAX 
i v OUTi < 5V, (Note 2) 


15 

25 


15 

50 

mV 


Iv 0 utI > sv, (Note 2 ) 

, 

0.3 

0.5 


0.3 

1.0 

% 

Thermal Regulation 

Ta = 25°C, 10 ms Pulse 


0.002 

0.02 


0.003 

0.04 

%/W 

Adjustment Pin Current 



65 

100 


65 

100 

juA 

Adjustment Pin Current Change 

10mA<l L <lMAX , 


2 

5 


2 

5 

ma 


2.5V <|V|N-VoUTl< 50V, 

T A = 25° C 


3 

6 


3 

6 

HA 

Reference Voltage 

Ta = 25°C, (Note 3) 

-1.225 

-1.250 

-1.275 

-1.213 

-1.250 

-1.287 

V 


3 < |V| N -VoUTl < 50V, (Note 3) 
10mA< l0UT< 'MAX, P<?MAX 

-1.200 

-1.250 

-1.300 

-1.200 

-1.250 

-1.300 

V 

Line Regulation 

3V < |V||\|-V0UTi < 50V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10mA< l0UT< >MAX. (Note 2) 

IVOUTI <5V 


20 

50 


20 

70 

mV 


IVOUTI > 5V 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

TMIN<Tj<TMAX 


0.6 



0.6 


% 

Minimum Load Current 

|V|N-V0UTI < 50V 


2.5 

5 


2.5 

10 

mA 


|V|N-V0UTl < iov 


1.2 

3 


1.5 

6 

mA 

Current Limit 

iV|N-V0UTl < 13V 

K Package 

1.5 

2.2 

3.2 

1.5 

2.2 

3.5 

A 


H Package 

|V|N-V0UTi - 50V, Ta = +25°C 

0.5 

0.8 

1.6 

0.5 

0.8 

1.8 

A 


K Package 

0.2 

0.4 

0.8 

0.1 

0.4 

0.8 

A 


H Package 

0.1 

0.17 

0.5 

0.050 

0.17 

0.5 

A 

RMS Output Noise, % of VoUT 

T A = 25°C. 10 Hz<f< 10 kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

V0UT= -10V, f = 120 Hz 


60 



60 


dB 


CADJ = 10/tF 

66 

77 


66 

' 77 


dB 

Long-Term Stability 

T A = 125°C, 1000 Hours 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction 

H Package 


12 

15 


12 

15 

°C/W 

to Case 

K Package 


2.3 

3 


2.3 

3 

°c/w 

Note 1 : Unless otherwise specified, these specifications apply —55° C < Tj < +1 50° C for the LM1 37H V, -25° C < Tj 
and 0°C < < +125°C for the LM337HV; Vm - VnijT = 5V; and InUT = 0-1 A for the TO-5 package and IqUT : 

< +1 50° C for the LM237HV 
= 0.5A for the TO-3 package. 

Although power dissipation is internally limited, these specifications are applicable for power dissipations of 2W for the TO-5 and 20W for the 

TO-3. ImaX is 1-5A for the TO-3 package and 0.2A for the TO-5 package. 








Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to 
heating effects are covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point 1/8” below 

the base of the TO-3 and TO-5 packages. 

Note 3: Selected devices with tightened tolerance reference voltage available. 
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When power is dissipated in an 1C, a temperature 
gradient occurs across the 1C chip affecting the individual 
1C circuit components. With an 1C regulator, this gradient 
can be especially severe since power dissipation is large. 
Thermal regulation is the effect of these temperature 
gradients on output voltage (in percentage output change) 
per Watt of power change in a specified time. Thermal 
regulation error is independent of electrical regulation or 
temperature coefficient, and occurs within 5 ms to 50 ms 
after a change in power dissipation. Thermal regulation 
depends on 1C layout as well as electrical design. The 
thermal regulation of a voltage regulator is defined as the 
percentage change of VouT* P er Watt, within the first 
10 ms after a step of power is applied. The LM137HV's 
specification is 0.02%/W, max. 



10 ms 


LM137HV, V OU T = -10V 
V|N-VOUT = -40V 
I L = OA -+ 0.25A -*■ OA 
Vertical sensitivity, 5 mV/div 

FIGURE 1 


In Figure 1 , a typical LM137HV's output drifts only 
3 mV (or 0.03% of VoUT = —10V) when a 10W pulse is 
applied for 10 ms. This performance is thus well inside 
the specification limit of 0.02%/W x 10W = 0.2% max. 
When the 10W pulse is ended, the thermal regulation 
again shows a 3 mV step as the LM137HV chip cools 
off. Note that the load regulation error of about 8 mV 
(0.08%) is additional to the thermal regulation error. 
In Figure 2, when the 10W pulse is applied for 100 ms, 
the output drifts only slightly beyond the drift in the 
first 10 ms, and the thermal error stays well within 
0.1% (10 mV). 



h — 100 ms — H 

LM137HV, V 0 UT = —10V 


v IN“ v OUT = ~ 40V 
1 1_ = 0A -* 0.25A -*• 0A 
Horizontal sensitivity, 20 ms/div 

FIGURE 2 
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LM137HV/LM237HV/LM337HV 


Connection Diagrams 


TO-3 

Metal Can Package 


TO-39 

Metai Can Package 


ADJUSTMENT /o 


Order Number 
LM137HVK STEEL 
LM237HVK STEEL 
LM337HVK STEEL 
See NS Package K02A , 



Order Number 
LM137HVH 
LM237HVH 
LM337HVH 
See NS Package H03A 


f ~ adjustment 

2@V- OUTPUT 

S.3 INPUT 

CASE IS INPUT 
BOTTOM VIEW 


Typical Applications (Continued) 


Adjustable High Voltage Regulator 

' > I v in 

| v 0UT 

LM317HV ■■ 1.2V Tt 

+ lADJ ^120 


Iadj >1% 
±Z1 v out1 


The 10 nF capacitors are optional to improve ripple rejection 


Current Regulator 


Adjustable Current Regulator 



' 0UI /1.5V\ 

'out = (“gTy s1 


5% adjustable 


Negative Regulator with Protection Diodes 


High Stability —40V Regulator 


C2 

>R2 


>6k 


> R1 

ADJ 

S249 A 

| LM137HV/I 
1 LM337HV | 

ivmiT ' 

V| N " ■ 

-V|N < 1 


When C|_ is larger than 20 nF, D1 protects 
the LM137HV is case the input supply is shorted 

*When C2 is larger than 10 juF and — VoUT ' s 
larger than —25V, D2 protects the LM137HV 
in case the output is shorted 



*Use resistors with good tracking TC < 25 ppm/° C 
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LM138/LM238/LM338 


National 

JtSt Semiconductor 

LM1 38/LM238/LM338 
5 Amp Adjustable Power Regulators 


Voltage Regulators 


General Description 

The LM138/LM238/LM338 are adjustable 3-terminal 
positive voltage regulators capable of supplying in excess 
of 5A over a 1.2V to 32V output range. They are 
exceptionally easy to use and require only 2 resistors 
to set the output voltage. Careful circuit design has 
resulted in outstanding load and line regulation - 
comparable to many commercial power supplies. The 
LM138 family is supplied in a standard 3-lead transistor 
package. 

A unique feature of the LM138 family is time-dependent 
current limiting. The current limit circuitry allows 
peak currents of up to 12A to be drawn from the 
regulator for short periods of time. This allows the 
LM138 to be used with heavy transient loads and 
speeds start-up under full-load conditions. Under sus- 
tained loading conditions, the current limit decreases 
to a safe value protecting the regulator. Also included 
on the chip are thermal overload protection and safe 
area protection for the power transistor. Overload 
protection remains functional even if the adjustment 
pin is accidentally disconnected. 

Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 


very high ripple rejections ratios which are difficult 
to achieve with standard 3- terminal regulators. 

Besides replacing fixed regulators or discrete designs, 
the LM138 is useful in a wide variety of other applica- 
tions. Since the regulator is "floating" and sees only the 
input-to-output differential voltage, supplies of several 
hundred volts can be regulated as long as the maximum 
input to output differential is not exceeded. 

The LM138/LM238/LM338 are packaged in standard 
steel TO-3 transistor packages. The LM138 is rated for 
operation from -55°C to +150°C, the LM238 from 
-25°C to +1 50° C and the LM338 from 0°C to +1 25°C. 

Features 

■ Guaranteed 7A peak output current 

■ Guaranteed 5A output current 

■ Adjustable output down to 1.2V 

■ Line regulation typically 0.005%/V 

■ Load regulation typically 0.1% 

■ Guaranteed thermal regulation 

■ Current limit constant with temperature 

■ 100% electrical burn-in in thermal limit 

■ Standard 3-lead transistor package 


Typical Applications 


1.2V— 25V Adjustable Regulator 


10A Regulator 


Regulator and Voltage 
Reference 



*R1 = 240ft for LM138 and LM238 


**R1 , R2 as an assembly 
can be ordered from 
Bourns. 

MIL part no. 7105A-AT2-502 
COMM part no. 7105A-AT7-502 


LM338 
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Absolute Maximum Ratings 


Power Dissipation 
Input-Output Voltage Differential 
LM138 
LM238 
LM338 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 


Internally limited 
35V 

55 C to H 50 C 
25 C to f 1 50 C 
0 C to + 1 25 ’ C 
65 C to + 1 50 C 
300 C 


Electrical Characteristics (Note 1 ) 


Preconditioning 

Burn-In in Thermal Limit 


All Devices 100% 




LM138/LM238 

LM338 ! 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Line Regulation 

Ta = 25°C, 3V < V|N “ VOUT < 35V, 

(Note 2) 


0 005 

0.01 


0.005 

0.03 

%/v 

Load Regulation 

Ta = 25°C, 10 mA < loUT < 5A 
v OUT < 5V, (Note 2) 


5 

15 


5 

25 

mV 


v OUT> 5V, (Note 2) 


0.1 

0.3 


0.1 

0.5 

% 

Thermal Regulation 

Pulse = 20 ms 


0D02 

0.01 


0.002 

0.02 

%/W 

Adjustment Pin Current 



45 

100 


45 

100 

' nA 

Adjustment Pin Current Change 

10mA<lL<5A 

3V<(V| N -V 0 UT)<35V 


0.2 

5 


0.2 

5 

pA 

Reference Voltage 

3 < (Vin - VoUT) < 35V, (Note 3) 

10 mA < loUT < 5A, P < 50W 

1.19 

1.24 

1.29 

1.19 

1.24 

1.29 

V 

Line Regulation 

3V < Vin - VoUT < 35V, (Note 2) 


0.02 

0.04 


0.02 

0.06 

%/V 

Load Regulation 

10 mA < loUT < 5A, (Note 2) 

V 0 UT<5V , 


20 

30 


20 

50 

mV 


VOUT > 5V 


0.3 

0.6 


0.3 

1.0 

% 

Temperature Stability 

TMIN<Tj<T M AX 


1 



1 


% • 

Minimum Load Current 

V|N “ VOUT = 35V 


3.5 

5 


3.5 

10 

mA 

Current Limit 

V|N “ VOUT< 10V 

DC 

5.0 

8 


5.0 

8 


A 


0.5 ms Peak 

7 

12 


7 

12 


A 


V|N-VOUT=30V 


1 



1 


A 

RMS Output Noise, % of VoUT 

T A = 25°C, 10 Hz < f < 10 kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

VoUT = 10V, f = 120 Hz 


60 



60 


dB 


. CadJ = lOpF 

60 

75 


60 

75 


dB 

Long Term Stability 

T A = 125°C 


0.3 

1 


0.3 

1 

%■ 

Thermal Resistance, Junction 

to Case 

K Package 1 

' 



1.0 



1.0 

°C/W 


Note 1: Unless otherwise specified, these specifications apply -55°C < Tj < +150°C for the LM138, -25°C < Tj < +150°C for the LM238 and 
0°C < Tj < +125°C for the LM338, V | - VquT = 5V and ( OUT = 2.5A. Although power dissipation is internally limited, these specifications 
are applicable for power dissipations up to 50W. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects are taken into account sep- 
arately by thermal regulation. 

Note 3: Selected devices with tightened tolerance reference voltage available. 


Typical Performance Characteristics 


Current Limit 



TIME (ms) 


Current Limit 



0 10 20 30 40 

INPUT-OUTPUT DIFFERENTIAL (V) 



0.1 1 10 100 


TIME (ms) 
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LM138/LM238/LM338 


Typical Performance Characteristics (Continued) 


Load Regulation 

0.2 


I " — 'i-m — 

I -0.1 

o -0 2 

£ -0.3 -V|m=15V 

§ V OU T=10V 

PRELOAD = 50 mA 

_ 0.4 * 1 

75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE ( C) 











— 










__ 

___ 



5^, 


— 

h = 5A 


L ~ 











w.. 









V 0 UT=1°V 

PRELOAD = 50 mA 






Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE ("Cl 


Adjustment Current 



-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 



-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE f C) 


Output Impedance 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Minimum Operating 
Current 



0 10 20 30 40 

INPUT-OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 


Ripple Rejection 


Ripple Rejection 



OUTPUT VOLTAGE (V) 



10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 



0.1 1 10 
OUTPUT CURRENT (A) 


Line Transient Response 


it 


I i r rr | 




id 

L 1 j L , 





Ku 




\ 



TT 




7 



V 0 UT=10V 
l L = 50mA 

Tj = 25°C 




L 









L 















r 









L 




10 20 
TIME (/is) 


Load Transient Response 
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Application Hints 

In operation, the LM138 develops a nominal 1.25V 
reference voltage, Vref, between the output and 
adjustment terminal. The reference voltage is impressed 
across program resistor R1 and, since the voltage is con- 
stant, a constant current l-j then flows through the 
output set resistor R2, giving an output voltage of 

Vout = v ref (l + — j +lADJ R2 - 


LM338 



Since the 50 /iA current from the adjustment terminal 
represents an error term, the LM138 was designed to 
minimize IaDJ and make it very constant with line 
and load changes. To do this, all quiescent operating 
current is returned to the output establishing a mini- 
mum load current requirement. If there is insufficient 
load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1 ;uF 
disc or 1 juF solid tantalum on the input is suitable input 
bypassing for almost all applications. The device is more 
sensitive to the absence of input bypassing when adjust- 
ment or output capacitors are used but the above values 
will eliminate the possibility of problems. 

The adjustment terminal can be bypassed to ground on 
the LM138 to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a 10 /jlF bypass capac- 
itor 75 dB ripple rejection is obtainable at any output 
level. Increases over 20 fiF do not appreciably improve 
the ripple rejection at frequencies above 120 Hz. If the 
bypass capacitor is used, it is sometimes necessary lo 
include protection diodes to prevent the capacitor 
from discharging through internal low current paths 
and damaging the device. 

In general, the best type of capacitors to use are solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor 
construction, it takes about 25 yF in aluminum electro- 
lytic to equal 1 juF so|id tantalum at high frequencies. 
Ceramic capacitors are 1 ’ also good at high frequencies, 
but, some types have a large decrease in capacitance at 
frequencies around 0.5 MHz. For this reason, 0.01 fiF 
disc may seem to work better than a 0.1 juF disc as 
a bypass. 


Although the LM 1 38 is stable with no outout capacitors, 
like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. This occurs 
with values between 500 pF and 5000 pF. A 1 }iF 
solid tantalum (or 25 \jlF aluminum electrolytic) on the 
output swamps this effect and insures stability. 

JLoad Regulation 

The LM138 is capable of providing extremely good load 
regulation but a few precautions are needed to obtain 
maximum performance. The current set resistor con- 
nected between the adjustment terminal and the output 
terminal (usually 24017) should be tied directly to the 
output of the regulator rather than near the load. This 
eliminates line drops from appearing effectively in series 
with the reference and degrading regulation. For exam- 
ple, a 15V regulator with 0.0517 resistance between the 
regulator and load will have a load regulation due to 
line resistance of 0.050 x l|_. If the set resistor is con- 
nected near the load the effective line resistance will be 
0.050 (1 + R2/R1) or in this case, 11.5 times worse. 

Figure 2 shows- the effect of resistance between the regu- 
lator and 2400 set resistor. 


LM338 



FIGURE 2. Regulator with Line Resistance 
in Output Lead 


With the TO-3 package, it is easy to minimize the resis- 
tance from the case to the set resistor, by using 2 sep- 
arate leads to the case. The ground of R2can be returned 
near the ground of the load to provide remote ground 
sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator 
it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. Most 20 nF capacitors 
have low enough internal series resistance to deliver 
20A spikes when shorted. Although the surge is short, 
there is enough energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator 
and the input is shorted, the output capacitor will 
discharge into the output of the regulator. The discharge 
current depends on the value of the capacitor, the 
output voltage of the regulator, and the rate of decrease 
of V||\j. In the LM138 this discharge path is through 
a large junction that is able to sustain 25A surge with no 
problem. This is not true of other types of positive 
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Application Hints (Continued) 

regulators. For output capacitors of 100 juF or less 
at output of 15V or Jess, there is no need^to use diodes. 

The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 
occurs when either the input or output is shorted. 
Internal to the LM138 is a 50H resistor which limits 
the peak discharge current. No protection is needed 
for output voltages of 25V or less and 10 /iF capac- 
itance. Figure 3 shows an LM138 with protection 
diodes included for use with outputs greater than 
25V and high values of output capacitance. 


01 



FIGURE 3. Regulator with Protection Diodes 


Schematic Diagram 



Typical Applications (Continued) 


Temperature Controller 


Light Controller 


Precision Power Regulator with 
Low Temperature Coefficient 












ss 

A LM329B 

1 | ^N100 ( F 

L 

£ R3 

< 267 

< \% 

R1 = ^40ft for LM138 and LM238 

^Solid tantalum J~ 

^Discharges Cl if output is shorted to ground tr 

**R1 = 240ft for LM138 and LM238 


Digitally Selected Outputs 

15A Regulator 





INPUTS 

Sets maximum VquT 

R1 = 240^ for LM138 and LM238 


5V Logic Regulator with 
Electronic Shutdown** 



'Minimum load— 100 mA 

0 to 22V Regulator 


jv| N V 0UT L # 

— A — V 0UT 

V IN__< 

f- V| N V 0UT 

1 ad/_JT 

J 5V 

25V 1 

ADJ 



*R1 = 240ft for LM138 or LM238 
*Minimum output « 1.2V 



*R1=240ft for LM138 and LM238 


LM138/LM238/LM338 











LM138/LM238/LM338 










Typical Applications (Continued) 

Adjustable 15A Regulator 


Power Amplifier 



Simple 12V Battery Charger 


Current Limited 6V Charger 



*Rs~ sets output impedance of charger ZquT = M + — 
Use of Rg allows low charging rates with fully ' 
charged battery. 

1000 juF fs fecommended to filter 
out any input transients. 


Connection Diagram 


LM338 



*Sets max charge current to 3 A 
**1000 juF is recommended to filter 
out any input transients. 


Metal Can Package 



Order Number LM138K STEEL, 
LM238K STEEL or LM338K STEEL 
See NS Package K02A 
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LM140A/LM140/ 
LM340A/LM340 Series 


National 

Jut Semiconductor 

LM140A/LM140/LM340A/LM340 Series 
3-Terminai Positive Regulators 


Voltage Regulators 


General Description 

The LM140A/LM140/LM340A/LM340 series of positive 
3-terminal voltage regulators are designed to provide 
superior performance as compared to the previously 
available 78XX series regulator. Computer programs 
were used. to optimize the electrical and thermal perfor- 
mance of the packaged 1C which results in outstanding 
ripple rejection, superior line and load regulation in high 
power applications (over 15W). 

With these advances in design, the LM340 is now guaran- 
teed to have line and load regulation that is a factor of 
2 better than previously available devices. Also, all 
parameters are guaranteed at 1 A vs 0.5A output current. 
The LM140A/LM340A provide tighter output voltage 
tolerance, ±2% along with 0.01%/V line regulation and 
0.3%/A load regulation. , / 

Current limiting is included to limit peak output current 
to a safe value. Safe area protection for the output 
transistor is provided to limit internal power dissipation. 
If internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit 
takes over limiting die temperature. 

Considerable effort was expended to make the LM 140-XX 
series of regulators easy to use and minimize the number 
of external components. It is not necessary to bypass the 
output, although this does improve transient response. 
Input bypassing is needed only , if the regulator is located 
far from the filter capacitor of the power supply. 

Although designed primarily as fixed voltage regulators, 
these devices can be used with external components to 
obtain adjustable voltages and currents. 

The entire LM140A/LM140/LM340A/LM340 series of 
regulators is available in the metal TO-3 power package 


and the LM340A/LM340 series is also available in the 

TO-220 plastic power package. Where other voltages are 

required, the LM117 series provides +1.2V to +57V. 

Features 

■ Complete specifications at 1 A load 

■ Output voltage tolerances of ±2% at Tj = 25° C and 
±4% over the temperature range (LM140A/LM340A) 

■ Fixed output voltages available 5, 12, 15 V 

■ Line regulation of 0.01% of Vout/V AVin at 1A 
load (LM140A/LM340A) 

■ Load regulation of 0.3% of V OUT/ A AIloAD 
( LM 1 40A/LM340A) 

■ Internal thermal overload protection 

■ Internal short-circuit current limit 

■ Output transistor safe area protection 

■ 100% thermal limit burn-in 

■ Special circuitry allows start-up even if output is 
pulled to negative voltage (± supplies) 

LM140 Series Package and Power Capability 




RATED 

DESIGN 

DEVICE 

PACKAGE 

POWER 

LOAD 



DISSIPATION 

CURRENT 

LM140 

LM340 

TO-3 

20W 

’ 1 .5A 

LM340T 

TO-220 

15W 

1.5A 

LM341 

TO-202 

7.5W 

0.5 A 

LM342 

TO-202 , 

, 7.5W 

0.25A 

LM140L 

LM340L 

TO-39 

- 2W 

0.1 A 

LM340L 

TO -92 

1.2W 

, 0.1 A 


Typical Applications 


Fixed Output Regulator 


Adjustable Output Regulator 


Current Regulator 



Required if the regulator is located far from 
the power supply filter 

** Although no output capacitor is needed for 
stability, it does help transient response. (If 
needed, use 0.1 /uF, ceramic disc) 


V 0 UT = 5V + (5V/R1 + Iq) R2 
5V/R1 >3 Iq, load regulation (L r ) « 
[ (R 1 + R2)/R1 ] (L r of LM340-5) 


V2-3 

'OUT = + lQ 

AIq = 1.3 mA over line and load changes 
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Absolute Maximum Ratings 


Input Voltage (Vo = 5V, 12V, 15V) 
Internal Power Dissipation (Note 1) 
Operating Temperature Range (T/\) 
LM140A/LM140 
LM340A/LM340 
Maximum Junction Temperature 


35V 

Internally Limited 

-55° C to +125°C 
0°C to +70° C 
(TO-3 Package K, KC) 150°C 

(TO-220 Package T) 125°C 

-65° C to +150°C 

300° C 
230° C 


Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 
TO-3 Package K, KC 
TO-220 Package T 


Electrical Characteristics LM140A/LM340A (Note 2 ) 

'OUT = 1A.-55°C<Tj<+150°C (LM140A), or 0°C < Tj < +125°C (LM340A) unless otherwise specified. 


OUTPUT VOLTAGE 

5V 

12V 

15V . 


INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23V 

| UNITS 

PARAMETER 


CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 



Tj = 25° C 

4.9. 5 5.1 

11 75 12 12.25 

14.7 15 15.3 


Vo Output Voltage 

PO< 15W, 5mA< lo< 1A 






Vmin<Vin<Vmax 






Iq = 500 mA 

10 

- 18 

22 

mV 


AV||\j 


(7.5<V|N<20) 

(14.8<V|n<27) 

(17.9 < V||\| < 30) 

V 


Tj = 25°C 



■ 4 18 

4 22 


AVo Line Regulation 

AV in 



(14.5 < V||\j < 27) 

(17.5 < V | i\j < 30) 



Tj = 25° C 


4 

9 

10 

mV 


Over Temperature 

12 

30 

30 

mV 


1 AV|n 


(8< V iN < 12) 

<16<V|n<22) 

(20 < V|[\j < 26) 

V 


esezi 


10 25 

12 32 

12 35 

mV 

AVo Load Regulation 

■i 


15 

19 

21 

mV 



25 

60 

75 

mV 

Iq Quiescent Current 

mm 


6 

6 

6 

mA 


6.5 

6.5 

6.5 

mA 


1 5mA < lo< 1A 

0.5 

0.5 

0.5 

mA 




0.8 


mA 





AIq 

Change 



(15 < V|(\i < 30) 


V 



0.8 

0.8 

mA 




(14.8<V|n<27) 

(1 7.9 < V||\j < 30) 

V 

V|sj Output Noise Voltage 

| Ta = 25°C, 10 Hz<f< 100kHz j 

40 1 

75 

90 

*iV 


1 Tj = 25°C, f 

= 120 Hz, Iq= 1A ! 

o 

00 

CO 

CD 

61 72 

60 70 

dB 

AV|N 

— Ripple Rejection 

AVOUT 

f= 120 Hz, lo = 500 mA, 

Over Temperature, or 

68 

61 

60 

dB 

VMIN<V|N<VMAX 

(8<V|N<18) 

(15 < V|(sj < 25) 

(18.5 <V| N < 28.5) 

V 

Dropout Voltage 

Tj=25°C, Iq= 1A 

2.0 

2.0 

2.0 

V 

Output Resistance 

f = 1 kHz 


8 

18 

19 

mfl 

RO Short-Circuit Current 

Tj = 25°C 


2.1 

1.5 

1.2 

A 

Peak Output Current 

Tj = 25°C 


2.4 

2.4 

2.4 

A 

Average TC of Vo 

j Min, Tj = 0°C, Iq = 5 mA j 

~0.6 

-1.5 

-1.8 

mV/°C 

Input Voltage Required 







V|N to Maintain Line 

Tj = 25° C 


; 7.3 

14.5 

17.5 

V 

Regulation 








Note 1: Thermal resistance of the TO-3 package (K, KC) is typically 4°C/W junction to case and 35°C/W case to ambient. 
Thermal resistance of the TO-220 package (T) is typically 4°C/W junction to case and 50°C/W case to ambient. 

Note 2: All characteristics are measured with a capacitor across the input of 0.22 juF and a capacitor across the output of 
0.1 mF- All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w < 10 ms, 
duty cycle < 5%). Output voltage changes due to changes in internal temperature must be taken into account separately. 
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LM140A/LM140/ 
LM340A/LM340 Series 


Electrical Characteristics LM140 (Note 2) 

-55°C < Tj < +1 50°C unless ( otherwise noted. 


OUTPUT VOLTAGE 

5V 

12V 

. 15V 


INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23V 

UNITS 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

- 



Tj = 25°C, 5mA<lo<1A 

4.8 5 5.2 

11.5 12 12.5 

14.4 15 15.6 

V 

v 0 

Output Voltage 

PD<15W, 5mA<lo<1A 

4.75 5.25 

11.4 12.6 


V 



VMIN<V|N<VMAX 

<8 < V| N < 20) 

(15.5 < V||\| < 27) 


V 




Tj = 25°C 

3 50 

4 120 

4 150 

mV 



lO = 500 mA 

AV| N 

(7<V|N<25) 

(14.5 < Viim < 30) 

(17.5 < V|m<30) 

V 



-55° C < Tj < +150°C 


120 





50 

150 

mV 

AV 0 

Line Regulation 


AVin 

(8 < V|N < 20) 

(15 < V|N < 27) 

(18.5 < V|n<30) 

V 


Tj = 25° C 

50 

,120 

150 

mV 



IO<1A 

AV| N 

(7.3 < V|n<20) 

(14.6 < Virsj < 27) 

(17.7<V| N <30) 

V 



-55°C<Tj<+150°C 


60 





25 


mV 




av, n 

(8<V|N<12) 

(16 < V|[\i < 22) 

V 



Tj = 25°C , ' 

5’mA<lo< 1.5A 

10 50 

12 120 

12 150 

mV ‘ 

AV 0 

Load Regulation ' 

250 mA < Iq< 750 mA 

25 

60 

75 

mV 



-55°C<Tj<+150°C, 5mA<lQ< 1A 

50 

.120. 

150 

mV 

IQ 

Quiescent Current 

l 0 < 1A 

Tj = 25°C 

6 

6 

6 

mA 

-55°C<Tj<+150°C 

7 

7 .. 

7 

mA 



5 mA < Iq < 1A 

0.5 

0.5 

0.5 

mA 

AIq 

Quiescent Current 

Tj = 25°C, lo< 1 A 

0.8 

0.8 


mA 

Change 

VMIN< V|N< vmax 

(8< V(n<20) 

<15< V||\J < 27) 


V 


Iq< 500 mA,- 

-55°C<Tj<+150°C 

0.8 

0.8 

0.8 

mA 



•vmin < V|n < Vmax 

<8 < Viim < 25) 

(15<V| N <30) 

(18.5 < V||\j < 30) ‘ 

' V 

vn . 

Output Noise Voltage 

Ta = 25°C, 10 Hz < f < 100 kHz 

40 

75 

90 

M V 




IO< 1 A, Tj = 25°C or 

68 80 

61 72 

o 

o 

CD 

dB 

AV|n 

Ripple Rejection 

f = 120 Hz 

IO<500 mA, 

68 

61 

60 

dB 

avout 


-55°C<Tj< + 150°C 







Vmin <V|N< v M ax 

(8<V|*n< 18) 

( 1 5 < V | |vj < 25) 

(18.5 <V| N < 28.5) 

V 


Dropout Voltage 

Tj = 25°C, l 0 UT= 1A 

2.0 

2.0 

2.0 

V 


Output Resistance 

f = 1 kHz 


8 

18 

19 

mfi 

R 0 

Short-Circuit Current 

Tj = 25° C 


2.1 

1.5 

1.2 

A 


Peak Output Current 

Tj = 25° C 


2.4 - 

. 2.4 

2.4 

A 


Average TC of Vout 

°° c < Tj < +150°C, Iq = 5 mA 

-0.6 

-1.5 

-1.8 

mV/°C 


Input Voltage Required 







V|N 

to Maintain Line 

Tj = 25°C, l 0 < 1 A 

7.3 

14.6 

17.7 

V 


Regulation 









Note 2: All characteristics are measured with a capacitor across the input of 0.22 juF and a capacitor across the output of 
0.1 juF. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w < 10 ms, 
duty cycle < 5%). Output voltage changes due to changes in internal temperature must be taken into account separately. 
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Electrical Characteristics LM340 (Note 2> 

0°C < T] < +1 25° C unless otherwise noted. 


OUTPUT VOLTAGE 

5V 

12V 

15V 


INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23V 

UNITS 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 




Tj = 25°C, 5mA<lo<1A 

4.8 5 5.2 

11.5 12 12.5 

14.4 15 15.6 

V 

vo 

Output Voltage 

P D < 15W,5mA<lo<1A 

4.75 5.25 

11.4 12.6 

14.25 15.75 

V 



VMIN< V||\j<VmAX 

(7<V|n<20) 

(14.5 < V|N < 27) 

(17.5 < V|N < 30) 

V 




Tj = 25° C 

3 50 

4 120 

4 150 

mV 



lO = 500 mA 

AVin 

(7< V|n<25) 

(14.5 < V| N <30) 

(17.5 < V|N< 30) 

V 



0°C<Tj<+125°C 

50 

120 

150 

mV 

AV 0 

Line Regulation 


AVin 

(8<V|n<20) 

(15<V|n<27) 

(18.5 < V|N < 30) 

V 


Tj = 25° C 

50 

' 120 

150 

mV 



l 0 < ia 

av, n 

(7.3 < V|N < 20) 

(14.6<V|n<27) 

(17.7<V|N<30) 

V 



0°C < Tj < Tl25°C 

25 

60 

75 

mV 




av,n 

<8<V|n<12) 

(16<V|N<22) . 

(20 < V|n<26) 

V 

AV 0 

Load Regulation 

Tj = 25° C 

5mA<lo<1-5A 

250 mA < Iq <750 mA 

10 50 

25 

12 120 

60 

12 150 

75 

mV 

mV 



5mA< Iq< 1A, 0°C <Tj< +125°C 

50 

120 

150 

mV 

IQ 

Quiescent Current 

l 0 <1A 

Tj = 25° C 

0°C < Tj < +1 25°C 

8 

8.5 

8 

8.5 

8 

8.5 

mA 

mA 



5 mA< lo< 1A 

0.5 

0.5 

6.5 

mA 

AIq 

Quiescent Current 

Change 

Tj = 25°C, lo< 1A 

Vmin< V|N<VmaX 

1.0 

(7.5 < V|N < 20) 

1.0 

(14.8 < V|N < 27) 

1.0 

(17.9<V|n<30) 

mA 

V 


Iq< 500 mA, 

0°C < Tj < +1 25°C 

1.0 

1.0 

1.0 

mA 



vmin< V|n<v M ax 

(7<V| N <25) 

(14.5 < V|N < 30) 

(17.5< V|N<30) 

V 

Vn 

Output Noise Voltage 

Ta = 25°C, 10 Hz<f< 100 kHz 

40 

75 

90 

M v 




f IO< 1A.Tj = 25°Cor 

0 

00 

CM 

CO 

55 72 

54 70 

dB 

. AVin 
AVOUT 

Ripple Rejection 

f = 120 Hz 

< lo< 500 mA, 

1 0°C <Tj < +125° C 

62 

55 

54 

dB 



VMIN < V|N < VmaX 

(8<V IN <18) 

(15<V| N <25) 

(18.5 < V| N < 28.5) 

■ V 


Dropout Voltage 

Tj = 25°C, IquT = 1 A 

2.0 

2.0 

2.0 

V 


Output Resistance 

f = 1 kHz 


8 

18 

19 

mST2 

Ro 

Short-Circuit Current 

Tj = 25° C 


• 2.1 

1.5 

1.2 

A 


Peak Output Current 

Tj = 25°C 


2.4 

2.4 

2.4 

A 


Average TC of VoUT 

0°C< Tj < +150°C, lQ = 5mA 

-0.6 

-1.5 

-1.8 

mV/° C 


Input Voltage Required 







V|N 

to Maintain Line 

Tj = 25°C, Iq< 1A 

7.3 

14.6 

17.7 

V 


Regulation 








Note 2: All characteristics are measured with a capacitor across the input of 0.22 and a capacitor across the output of 
0.1 mF- A ll characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w < 10 ms, 
duty cycle < 5%). Output voltage changes due to changes in internal temperature must be taken into account separately. 
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LM140A/LM140/ 
LM340A/LM340 Series 



LM140A/LM140/ 
LM340A/LM340 Series 


Typical Performance Characteristics 



Maximum Average Power 
Dissipation 
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AMBIENT TEMPERATURE (°C) 



0 5 10 15 20 25 30 35 

INPUT TO OUTPUT DIFFERENTIAL (V) 


Output Voltage (Normalized 
to IV at Tj = 25°C) 



JUNCTION TEMPERATURE (°C) 

Note. Shaded area refers to LM340A/LM340 


Ripple Rejection 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Ripple Rejection 

















, 


* , 

• 







f = 120Hz 
“ v IN~ v 0UT 
*0UT = 1A 
'Tj = 25°C 

8 Vqq + 3.5 Vrms 

i i 


0 5 10 15 20 25 

OUTPUT VOLTAGE (V) 


Output Impedance 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE TO 
Note. Shaded area refers to LM340A/LM340 



0 2 4 6 8 10 

INPUT VOLTAGE (V) 



-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 

Note. Shaded area refers to LM340A/LM340 



5 10 15 20 25 30 35 

INPUT VOLTAGE (V) 
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LM140A/LM140/ 
LM340A/LM340 Series 


Application Hints 

The LM340 is designed with thermal protection, output 
short-circuit protection and output transistor safe area 
protection. However, as with any 1C regulator, it becomes 
necessary to take precautions to assure that the regulator 
is not inadvertently damaged. The following describes 
possible misapplications and methods to prevent damage 
to the regulator. 

Shorting the Regulator Input: When using large capaci- 
tors at the output of these regulators that have VoUT 
greater than 6V, a protection diode connected input to 
output (Figure 1) may be required if the input is shorted 
to ground. Without the protection diode, an input 
short will cause the input to rapidly approach ground 
potential, while the output remains near the initial 
VquT because of the stored charge in the large output 
capacitor. The capacitor will then discharge through 
reverse biased emitter-base junction of the pass device, 
Q16, which breaks down at 6.5V and forward biases the 
base-collector junction. If the energy released by the 
capacitor into the emitter-base junction is large enough, 
the junction and the regulator will be destroyed. The 
fast diode in Figure 1 will shunt the capacitor's discharge 
current around the regulator. 


Raising the Output Voltage above the Input Voltage: 
Since the output of the LM340 does not sink current, 
forcing the output high can cause damage to internal 
low current paths in a manner similar to that just 
described in the "Shorting the Regulator Input" section. 

Regulator Floating Ground (Figure 2): When the ground 
pin alone becomes disconnected, the output approaches 
the unregulated input, causing possible damage to other 
circuits connected to VquT- If ground is reconnected 
with power "ON", damage may also occur to the regula- 
tor. This fault is most likely to occur when plugging in 
regulators or modules with on card regulators into 
powered up sockets. Pdwer should be turned off first, 
thermal limit ceases operating, or ground should be 
connected first if power must be left on. 

Transient Voltages: If transients exceed the maximum 
rated input voltage of the 340, or reach more than 0.8V 
below ground and have sufficient energy, they will 
damage the regulator. The solution is to use a large 
input capacitor, a series input breakdown diode, a choke, 
a transient suppressor or a combination of these. 



FIGURE 1. Input Short 


FIGURE 2. Regulator Floating Ground 



FIGURE 3. Transients 
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Connection Diagrams 


TO-3 Metal Can Package (K and KC) 


TO-220 Power Package (T) 



BOTTOM VIEW 


GND (3) 


1 = OUTPUT 

o 


3D 



— J 


TOP VIEW 


Steel Package Order Numbers: 


Plastic Package Order Numbers: 


LM140AK-5.0 

LM140AK-12 

LM140AK-15 


LM140K-5.0 

LM14QK-12 

LM140K-15 


LM340AK-5.0 

LM340AK-12 

LM340AK-15 


See NS Package K02A 


LM340K-5.0 

LM340K-12 

LM340K-15 


LM340AT-5.0 

LM340AT-12 

LM340AT-15 


LM340T-5.0 

LM340T-12 

LM340T-15 


See NS Package T03B 


Aluminum Package Order Numbers: 


LM340KC-5.0 
LM340KC-12 
LM340KC-15 
See NS Package KC02A 
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LM140A/LM140/ 
LM340A/LM340 Series 



LM140L/LM340L Series 


551 National Voltage Regulators 

4lA Semiconductor 

LM140L/LM340L Series 3-Terminal Positive Regulators 


General Description 

The LM140L series of three terminal positive regulators 
is available with several fixed output voltages making 
them useful in a wide range of applications. The 
LM140LA is an improved version of the LM78LXX 
series with a tighter output voltage tolerance (specified 
over the full military temperature range), higher ripple 
rejection, better regulation and lower quiescent current. 
The LM140LA regulators have ±2% V OUT specification, 
0.04%/V line regulation, and 0.01 %/m A load regulation. 
When used as a zener diode/resistor combination replace- 
ment, the LIVI140LA usually results in an effective output 
impedance improvement of two orders of magnitude, 
and lower quiescent current. These regulators can 
provide local on card regulation, eliminating the distribu- 
tion problems associated with single point regulation. 
The voltages available allow the LM140LA to be used in 
logic systems, instrumentation, Hi-Fi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators, these devices can be used 
with external components to obtain adjustable voltages 
and currents. 


too high for the heat sinking provided, the thermal 
shutdown circuit takes over, preventing the 1C from 
overheating. 

For applications requiring other voltages, see LM117 
data sheet. 

Features 

■ Line regulation of 0.04%/V 

■ Load regulation of 0.01%/mA 

■ Output voltage tolerances of ±2% at Tj = 25°C and 
±4% over the temperature range (LM140LA) 
±3% over the temperature range (LM340LA) 

■ Output current of 100 mA 

■ Internal thermal overload protection 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in metal TO-39 low profile package 
(LM140LA/LM340LA) and plastic TO-92 (LM340LA) 


The LM140LA/LM340LA are available in the low 
profile metal three lead TO-39 (H) and the LM340LA 
is also available in the plastic TO-92 (Z). With adequate 
heat sinking the regulator can deliver 100 mA output 
current. Current limiting is included to limit the peak 
output current to a safe value. Safe area protection 
for the output transistor is provided to limit internal 
power dissipation. If internal power dissipation becomes 


Output Voltage Options 

LM140LA-5.0 5 V 

LM140LA-12 12V 

LM140LA-1 5 15V 

LM340 LA-5.0 5V 
LM340LA-12 12V 

LM340LA-1 5 15V 


Equivalent Circuit 


Connection Diagrams 




BOTTOM VIEW 


Order Number: 

LM140LAH-5.0 LM340LAH-5.0 

LM140LAH-12 LM340LAH-12 

LM140LAH-15 LM340LAH-15 

See NS Package H03A 



BOTTOM VIEW 


Order Number: 

LM340LAZ-5.0 
, LM340LAZ-12 
LM340LAZ-15 
See NS Package Z03A 
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Absolute Maximum Ratings 


Input Voltage 

5.0V, 12V and 15V 
Internal Power Dissipation (Note 1) 
Operating Temperature Range 
LM140LA 
LM340LA 


35V 

Internally Limited 


-55 C to +125 C 
0°C to +70° C 


Maximum Junction Temperature +150 C 

Storage Temperature Range 

Metal Can (H package) -65° C to +150°C 

Molded TO-92 -55°C to +150°C 

Lead Temperature (Soldering, 10 seconds) +300° C 


Electrical Characteristics (Note 2) 

Test conditions unless otherwise specified 
T A =-55°Cto +125°C (LM140LA) 

T a = 0°C to +70°C (LM340LA) 
l 0 = 40 mA 

0 1 = 0.33juF, C 0 = O.OIjuF 


OUTPUT VOLTAGE OPTION 

INPUT VOLTAGE (unless otherwise noted) 


PARAMETER 


CONDITIONS 



Output Voltage | Tj = 25°C 
Output Voltage I LM140LA l Q = 1-100 mA or 


Over Temp. 
(Note 4) 


Line Regulation 


Load Regulation 


AV| N ^Ripple Rejection 

AV ou ^r 

Input Voltage 
Required to 
Maintain Line 
Regulation 


l Q = 1-40 mAand 

V|N = ( )V 

l Q = 1-100 mA or 
LM340LA l Q = 1-40 mAand 
V| N = ( )V 

lo = 40 mA 
Tj = 25 ° c V|N = ( )V 

I q = 1 00 mA 
V,M = ( )V 


Tj = 25°C ° ’ m 

In = 1-100 mA 


Tj = 25 C 
Tj = 125°C 

ALoad l 0 = 1-40 mA 
Tj = 25°C A Line 

|V|N = ( )V 

Tj = 25°C (Note 3) 
f = 10 Hz- 10 kHz 


f= 120 Hz, V| N = ( )V 


Tj =25°C, l 0 = 40mA 


Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

5.1 

11.75 

12 

12.25 

14.7 

15 

15.3 



3.1 4.5 

4.2 


(7.5 - 25) 

(14.3-30) 

(17.5 -30) y 

40 

80 

90 

62 

47 54 

45 52 

(7.5 - 18) 

(14.5-25) 

(17.5-28.5) 


14.2 

17.3 


Note 1: Thermal resistance of the Metal Can Package (H) without a heat sink is 40 C/W junction to case and 140 C/W junc- 
tion to ambient. Thermal resistance of the TO-92 package is 180°C/W junction to ambient with 0.4 inch leads from a PC 
board and 1 60°C/W junction to ambient with 0.1 25 inch lead length to a PC board. 

Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or 
lead length of the package. The data above represent pulse test conditions with junction temperatures as indicated at the • 
initiation of tests. 

Note 3: It is recommended that a minimum load capacitor of 0.01 juF be used to limit the high frequency noise bandwidth. 
Note 4: The temperature coefficient of Vq^j is typically within 0.01%Vq/°c. 
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LM140L/LM340L Series 












LM140L/LM340L Series 


Typical Performance Characteristics 


Maximum Average Power 
Dissipation 


Maximum Average Power Dissipation Maximum Average Power 

(Metal Can Package) Dissipation (Plastic Package) 



-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 





0 5 10 15 20 25 30 

INPUT-OUTPUT DIFFERENTIAL (V) 


Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 


JUNCTION TEMPERATURE (°C) 


Output Impedance 



10 100 Ik 10k 100k 1M . 


FREQUENCY (Hz) 


Ripple Rejection 




:.u 

5 10 15 20 25 30 

INPUT VOLTAGE (V) 



-75 -50 -25 0 25 50 75 100 125 


JUNCTION TEMPERATURE (°C) 


Typical Applications 




**See note 3 in the electrical characteristics table. 1 v out = 5V + (5V/R1 + l Q ) R2 

5V/R1 > 3 l Q load regulation (L r ) » [(R1 + R2I/R1] (L r of LM140LA-5 0) 


Fixed Output Regulator 


Adjustable Output Regulator 
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^1 National Voltage Regulators 

j ui Semiconductor 

LM145/LM245/LM345 Negative Three Amp Regulator 


General Description 

The LM145 is a three-terminal negative regulator with a 
fixed output voltage of ~5V or -5.2V, and up to 3A load 
current capability. This device needs only one external 
component— a compensation capacitor at the output, 
making it easy to apply. Worst case guarantees on output 
voltage deviation due to any combination of line, load 
or temperature variation assure satisfactory system 
operation. 

Exceptional effort has been made to make the LM145 
immune to overload conditions. The regulator has cur- 
rent limiting which is independent of temperature, 
combined with thermal overload protection. Internal 
current limiting protects against momentary faults while 
thermal shutdown prevents junction temperatures from 
exceeding safe limits during prolonged overloads. 

Although primarily intended for fixed output voltage 
applications, the LM145 may be programmed for higher 

Schematic Diagram 


output voltages with a simple resistive divider. The low 
quiescent drain current of the device allows this tech- 
nique to be used vyith good regulation. 

The LM145 comes in a hermetic TO-3 package rated at 
25W. Two reduced temperature range parts, LM245 and 
LM345, are also available. 

Features 

■ Output voltage accurate to better than ±2% 

■ Current limit constant with temperature 

■ Internal thermal shutdown protection 

■ Operates with input-output voltage differential of 2.8V 
at full rated load over full temperature range 

■ Regulation guaranteed with 25W power dissipation 

■ 3A output current guaranteed 

■ Only one external component needed 
® 100% electrical burn-in 



Connection Diagram 


Metal Can Package 


Typical Applications 




+ C2t 
4.7^F 

- SOLID TANTALUM 


Order Number LM145K-5.0, LM245K-5.0 
LM345K-5.0, LM145K-5.2, LM245K-5.2, 
or LM345K-5.2 
See NS Package K02A 


^Required for stability. For value given, capacitor must be solid tantalum. 50/jF 
aluminum electrolytic may be substituted. Values given may be increased with- 
out limit. 

*Reqiured if regulator is separated from filter capacitor. For value given, 
capacitor must be solid tantalum. 50^F aluminum electrolytic may be 
substituted. 


Fixed Regulator 
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M145/LM245/LM345 





LM145/LM245/LM345 


Absolute Maximum Ratings 


Input Voltage 

20V 

Input-Output Differential - 

20V 

Power Dissipation 

Internally Limited 

Operating Junction Temperature Range 

LM145 

-55°C to +1 50° C 

LM245 

-25°C to +1 50° C 

LM345 

0°C to +125° C 

Storage Temperature Range 

-65°C to +1 50° C 

Lead Temperature (Soldering, 10 seconds) 

300° C 


Electrical Characteristics <-5v & -5.2V) (Note 1 1 




LIMITS | 


PARAMETER 

CONDITIONS 

LM145/LM245 1 

LM345 | 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Output Voltage 

Tj = 25 C, Iout = mA, 









5.0V 

V, N = -7.5 

-5.1 


-5.0 

-4.9 

-5.2 

-5.0 

-4.8 

V 

5.2V 


-5.3 


-5.2 

-5.1 

-5.4 

-5.2 

-5.0 

V 

Line Regulation (Note 2) 

Tj = 25°C 

-20V < V, N < -7.5V 



5. 

15 


5 

25 

mV 

Load Regulation (Note 2) 

Tj = 25°C, V IN = -7.5V 

5 mA Iout ^ 3A 



30 

75 


30 

100 

mV 

Output Voltage 

-20V<V 1N < -7.8V 









5.0V 

5 mA Iout ^ 3A 

-5.20 



-4.80 

-5.25 


-4.75 

V 

5.2V 

P < 25W 

-5.40 



-5.00 

-5:45 


-4.95 

V 


Tmin < Tj < Tmax 









Quiescent Current 

-20V < V, N < -7.5V 

5 mA “v Iout ^ 3A 



1.0 

3.0 


1.0 

3.0 

mA 

Short Circuit Current 

V IN = -7.5V, Tj = +25°C 



4 

5.0 


4 

5.0 

A 


V IN = -20V, Tj = +25° C 



2 

3.5 


2 

3.5 

A 

Output Noise Voltage 

T a = 25°C, C L = 4.7pF 



150 



150 


MV 


10 Hz <f< 100 kHz 









Long Term Stability 




5 

. 50 


5 

50 

mV 

Thermal Resistance 

Junction to Case 




2 



2 


°C/W 


Note 1: Unless otherwise specified, these specifications apply: -55°C < Tj < +150°C for the LM145; -25°C < Tj < +150°C for the LM245 and 
0°C < Tj < +125°Cfor the LM345. V||\| *» -7.5V and loUT 5 mA. Although power dissipation is internally limited, electrical specifications apply 
only for power levels up to 25W. For calculations of junction temperature rise due to power dissipation, use a thermal resistance of 35°C/W for 
the TO-3 with no heat sink. With a heat sink, use 2°C/W for junction to case thermal resistance. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account 
separately. To ensure constant junction temperature, pulse testing with a low duty cycle is used. 
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OUTPUT IMPEDANCE (OHMS) POWER DISSIPATION (WATTS) 


Typical Performance Characteristics 


Maximum Average Power 
Dissipation for LM145, 
LM245 


Maximum Average Power 
Dissipation for LM345 


Ripple Rejection 



g | ’WAKEFUIO HEAT SINKS [_ J 

25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 

Output Impedance 





— 

“ VoUT 

— 

5V 



Tj = 

25° C 
= 4.7uF 




SOLID TANTALUM | 

— 

^ 






\ 





\ 














5 50 75 100 1i 

T a - AMBIENT TEMPERATURE (°C) 


Minimum Input-Output 
Voltage Differential 


100 Ik 10k 100k 1M 10M 

f- FREQUENCY (Hz) 


Output Voltage vs 
Temperature 




































— 


— 

— 





















10 100 Ik 10k 100k 1M 10M 

, f- FREQUENCY (Hz) 

Typical Applications (Continued) 


OUTPUT CURRENT (AMPS) 


THERMAL I 
SHUTDOWN 1 


0 50 100 150 

T- TEMPERATURE ( C C) 


l+ n _ n 

^D1 

■ — ^ i v OUT | 

*” — C3 r ZOOpF 4 

^ LM129A 


“*rrwF "T* 




> < 
< 

► 

>R2* 

qi Lj ■]/ 

1 

1 JbLcztt 


•Select resistors to set output voltage. 1 ppm/'C 
tracking suggested. 

**C1 is not needed if power supply filter capacitor is within 3" of regulator. 
^ Determines zener current. May be adjusted to 
minimize temperature drift. 
ttSolid tantalum. 

Load and line regulation < 0.01% 

Temperature drift < 0.001%/°C 


High Stability Regulator 



**C1 is not needed if power supply filter capacitor is within 3" of regulator. 

*Keep C4 within 2" of LM345. Theie is no upper limit on C4 and unlimited capacitance can 
added at extended distances from the regulator. 

**D2 sets initial output voltage accuracy. The LMt 13 is available in *5. *2. and ’1% tolerance 


-2V ECL Termination Regulator 
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National Voltage Regulators 

Semiconductor 

LM150/LM250/LM350 
3 Amp Adjustable Power Regulators 

General Description 

The LM150/LM250/LM350 are adjustable 3-terminal 
positive voltage regulators capable of supplying in excess 
of 3A over a 1.2V to 33V output range. They are 
exceptionally easy to use and require only 2 external 
resistors to set the output voltage. Further, both line 
and load regulation are comparable to discrete designs. 

Also, the LM150 is packaged in standard transistor 
packages which are easily mounted and handled. 

In addition to higher performance than fixed regulators, 
the LM150 series, offer's full overload protection available 
only in IC's. Included on the chip are current limit, 
thermal overload protection and safe area protection. 

All overload protection circuitry remains fully functional 
even if the adjustment terminal is accidentally discon- 
nected. 

Features 

■ Adjustable output down to 1.2V 

■ Guaranteed 3A output current 

■ Line regulation typically 0.005%/V 

■ Load regulation typically 0.1% 

■ Guaranteed thermal regulation 

■ Current limit constant with temperature 

■ 100% electrical burn-in in thermal limit 

■ Eliminates the need to stock many voltages 

■ Standard 3-lead transistor package 

■ 86 dB ripple rejection 


Typical Applications 

Regulator and Voltage 

1.2V— 25V Adjustable Regulator 6A Regulator Reference 



Note. Usually R1 = 2400 for 
LM150 and LM250 and 
R1 = 1200 for LM350. 


Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
very high ripple rejections ratios which are difficult 
to achieve with standard 3- terminal regulators. 


Besides replacing fixed regulators or discrete designs, 
the .LM 150 is useful in a wide variety of other applica- 
tions. Since the regulator is "floating” and sees only the 
input-to-output differential .voltage, supplies of several 
hundred volts can be regulated as long as the maximum 
input to output differential is not exceeded. 


Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by 
connecting a fixed resistor between the adjustment and 
output, the LM150 can be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads 
draw little current. 


The LM150/LM250/LM350 are packaged in standard 
steel TO-3 transistor packages. The LM150 is rated for 
operation from -55°C to +150°C, the LM250 from 
-25° C to +1 50° C and the LM350 from 0°Cto +125°C. 
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LM150/LM250/LM350 


Absolute Maximum Ratings 







Power Dissipation 

Internally limited 






Input— Output Voltage Differential 35V 






LM150 

-55° C to +150°C 






LM250 

-25° C to +150°C 






LM350 

0°C to +1 25° C 






Storage Temperature 

-65° C to +150°C 






Lead Temperature (Soldering, 

10 seconds) 300°C 






Preconditioning 








Bum-In in Thermal Limit 

All Devices 100% 






Electrical Characteristics (Notei) 





' 




LM150/LM250 

LM350 



PARAMETER 

CONDITIONS 







UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Line Regulation 

Ta = 25°c, 3V < V|N - VOUT < 35V, 


0.005 

0.01 


0.005 

0.03 

%/V 


(Note 2) 








Load Regulation 

T A =25°C, 10mA< loUT< 3A 









VquT < 5V, (Note 2) 


5 

15 


5 

25 

mV 


VoUT > 5V, (Note 2) 


0.1 

0.3 


0.1 

0.5 

' % 

Thermal Regulation 

Pulse = 20 ms 


0.002 

0.01 


0.002 

0.03 

%/W 

Adjustment Pin Current 



50 

100 


50 

100 

HA 

Adjustment Pin Current Change 

10mA< l L <3A 


0.2 

5 


0.2 

5 

juA 


3V<(V| N -Vout)<35V 








Reference Voltage 

3 < (V|i\| - VoUT) < 35V, (Note 3) 

1.20 

1.25 

1.30 

1.20 

1.25 

1.30 

V 


10 mA < loUT < 3A, P < 30W 








Line Regulation 

. 3V< V|N - VoUT<35V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10mA< loUT<3A, (Note 2) 









V 0 UT < 5V . 

- 

20 

50 


20 

70 

mV 


v OUT > 5V 


0.3 - 

1 


0.3 

1.5 

% 

Temperature Stability 

TMIN <Tj<TMAX 


1 



1 > 


% 

Minimum Load Current 

V|N-V0UT = 35V 


3.5 

5 


3.5 

10 

mA 

Current Limit 

V|N~VOUT<10V 

3.0 

4.5 


3.0 

4.5 


A 


V|N - VOUT = 30V, Tj = +25° C 

0.3 

1 


0.25 

1 


A 

RMS Output Noise, % of VoUT 

T A = 25°C, 10 Hz < f < 10 kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

VOUT = 10V, f = 120 Hz 


65 



65 


dB 


C A DJ = 10 AtF 

66 

86 


66 

86 


. dB 

Long Term Stability 

T A - 125°C 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction 

K Package 



1.5 



1.5 

°C/W 

to Case 









Note 1: Unless otherwise specified, these specifications apply -55° C < T; < +150°C for the LM150, -25° C < Tj 

< +T50°C for the LM250 and 

0°C < Tj < +125°C for the LM350, Vim — Vqmt " 5V and ln| IT = 1-5A. Although power dissipation is internally limited, these specifications 

are applicable for power dissipations up to 30W. 







Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account 

separately. Pulse testing with low duty cycle is used. 







Note 3: Selected devices with tightened tolerance reference voltage available. 
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Typical Performance Characteristics 


Load Regulation 



-75 -25 25 75 125 

TEMPERATURE (°C) . 



0 5 JO 15 20 25 30 35 

INPUT-OUTPUT DIFFERENTIAL (V) 


Adjustment Current 



-75 -25 25 75 125 

TEMPERATURE (°C) 


Dropout Voltage 



TEMPERATURE (°C) 


Temperature Stability 



-75 -25 25 75 125 

TEMPERATURE (°C) 


Minimum Operating Current 



0 5 10 15 20 25 30 35 

INPUT-OUTPUT DIFFERENTIAL (V) 



Ripple Rejection 


Ripple Rejection 


Ripple Rejection 






_ C A DJ=10^ . 

N 






■ 



'ADJ 

r— «— 






1 

0 




VlN 

Jl- 

I 1 

- Vqut = 5V 

500 mA 




f - 120 Hz 
Tj = 25°C 






0 5 10 15 20 25 30 35 

OUTPUT VOLTAGE (V) 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



0.01 0.1 1 10 
OUTPUT CURRENT (A) 


Output Impedance 



10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Line Transient Response 






r 


v OUT = iov 

= 50 mA - 
T: = 25°C 


r 
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LM150/LM250/LM350 


Application Hints 

in operation, the LM150 develops a nominal 1.25V 
reference voltage, Vref, between the output and 
adjustment terminal. The reference voltage is impressed 
across program resistor R1 and, since the voltage is con- 
stant, a constant current 1-j then flows through the 
output set resistor R2; giving an output voltage of 

V0UT = V ref ^1 + +iadj R2 - 


LM150 



FIGURE 1 


Since the 50 juA current from the adjustment terminal 
represents an error term, the LM150 was designed to 
minimize IaDJ anc * make it very constant with line 
and load changes. To do this, all quiescent operating 
current is returned to the output establishing a mini- 
mum load current requirement. If there is insufficient 
load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1 /jlF 
disc or 1 juF solid tantalum on the input is suitable input 
bypassing for almost all applications. The device is more 
sensitive to the absence of input bypassing when adjust- 
ment or output capacitors are used but the above values 
will eliminate' the possibility of problems. 

The adjustment terminal can be bypassed to ground on 
the LM150 to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a 10 juF bypass capac- 
itor 86 dB ripple rejection is obtainable at any output 
level. Increases over 10 nf do not appreciably improve 
the ripple rejection at frequencies above 120 Hz. If the 
bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor 
from discharging through internal low current paths 
and damaging the device. 

In general, the best type of capacitors to use are solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor 
construction, it takes about 25 (jlF in aluminum electro- 
lytic to equal 1 /iF solid tantalum at high frequencies. 
Ceramic capacitors are also good at high frequencies, 
but some types have a large decrease in capacitance at 
frequencies around 0.5 MHz. For this reason, 0.01 juF 
disc may seem to work better than a 0.1 /i F disc as 
a bypass. 


Although the LM150 is stable with no output capacitors, 
like any" feedback circuit, certain values of external 
capacitance can cause excessive ringing. . This occurs 
with values between 500 pF and 5000 pF. A 1 juF 
solid tantalum (or 25 juF aluminum electrolytic) on the 
output swamps this effect and insures stability. 

Load Regulation 

The LM150 is capable of providing extremely good load 
regulation but a few precautions are needed to obtain 
maximum performance. The current set resistor con- 
nected between the adjustment terminal and the output 
terminal (usually 240£2) should be tied directly to the 
output of the regulator rather than near the load. This 
eliminates line drops from appearing effectively in series 
with the reference and degrading regulation. For exam- 
ple, a 15V regulator with 0.05£2 resistance between the 
regulator and load will have a load regulation due to 
line resistance of 0.050 x I [_. If the set resistor is con- 
nected near the load the effective line resistance will be 
0.050 (1 + R2/R1) or in this case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the regu- 
lator and 2400 set resistor. 



FIGURE 2. Regulator with Line Resistance 
in Output Lead 


With the TO-3 package, it is easy to minimize the resis- 
tance from the case to the set resistor, by using 2 sep- 
arate leads to the case. The ground of R2 can be returned 
near the ground of the load to provide remote ground 
sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator 
it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. Most iOjuF capacitors 
have low enough internal series resistance to deliver 
20A spikes when shorted. Although the surge is short, 
there is enough energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator 
and the input is shorted, the output capacitor will 
discharge into the output of the regulator. The discharge 
s current depends on the value of the capacitor," the 
output voltage of the regulator, and the rate of decrease 
of V | |\j\ In the LM150, this discharge path is through 
a large junction that is able to sustain 25A surge with no 
problem. This is not true of other types of positive 


1-92 




Application Hints (Continued) 


D1 

1N4002 


regulators. For output capacitors of 25 /iF or less, there 
is no need to use diodes. 

The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 
occurs when either the input or output is shorted. 
Internal to the LM150 is a 50H resistor which limits the 
peak discharge current. No protection is needed for 
output voltages of 25V or less and 10 /iF capacitance. 
Figure 3 shows an LM150 with protection diodes 
included for use with outputs greater than 25V and 
high values of output capacitance. 



Schematic Diagram 



Typical Applications (Continued) 


t Precision Power Regulator with 

Temperature Controller Light Controller Low Temperature Coefficient 
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Typical Applications (Continued) 

Slow Turn-ON 15V Regulator 


V IN v 0UT 
ADJ 


Adjustable Regulator with Improved 
Ripple Rejection 


High Stability 10V Regulator 


V|N v 0UT 
ADJ 



^Solid tantalum 

*Discharges Cl if output is shorted to ground tt 

Digitally Selected Outputs 

10A Regulator 


INPUTS 

*Sets maximum VquT 

5V Logic Regulator with 
Electronic Shutdown* 


H v,n A DJ VouT rr — t 

L. 

<R1 

— 0.1 pF 

IR2 k 

W 7W771Q ■- 


> 720 


Min output « 1 .2V 

0 to 30V Regulator 

LM150 

3W-f V| " ft0J v °" r ~T~ v ° uT 



Minimum load current 50 mA ' 


5A Constant Voltage/Constant Current : 


R1 LM35Q 


4 V IN v out|- 

1 ADJ J 


C2— ■*— CURRENT 

T 00 p F I ADJUST^ 


D2-±“ C4 
1N457 A 75 pF 


C5 R5<. 

75 pF 330k < r? 


"^Solid tantalum 

* Lights in constant current mode 











Typical Applications (Continued) 

12V Battery Charger 



TO 1ZV 
BATTERY 


Adjustable Current Regulator 



1.2V - 20V Regulator with 

Minimum Program Current 3A Current Regulator 


LM150 LM150 



^Minimum load current « 4 mA 


Precision Current Limiter 



*0.4 < R1 < 120ft 


Tracking Preregulator 


R2 

720 



Adjusting Multiple On-Card Regulators 
with Single Control* 




1-95 


LM150/LM250/LM350 






LM150/LM250/LM350 


Typical Applications (Continued) 

AC Voltage Regulator 


LM350 



Simple 12V Battery Charger 



* / r ' z - 

R§— sets output impedance of charger Zqijt = Rs P + — 

N Use of R$ allows low charging rates with fully ' ^ > 

charged battery. 

**1000 juF is recommended to filter 
out any input transients. 


Connection Diagram 


Adjustable 10A Regulator 



Current Limited 6V Charger 


LM350 



**1000 juF is recommended to filter 
out any input transients. 


Metal Can Package 



Order Number LM150K STEEL, LM250K STEEL 
or LM350K STEEL 
See NS Package K02A 
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National 

Semiconductor 


Voltage Regulators 


LM320L/LM320ML Series 3-Terminal Negative Regulators 


General Description 

The LM320L/LM320ML series of 3-terminal negative 
voltage regulators features fixed output voltages of -5V, 
—12V and -15V, with output current capabilities in ex- 
cess of 100 mA, for the LM320L series, and 250 mA for 
the LM320ML series. These devices were designed using 
the latest computer techniques for optimizing the pack- 
aged 1C thermal/electrical performance. The LM320L/ 
LM320ML series, even when combined with a minimum 
output compensation capacitor of 0.1 /iF, exhibits an 
excellent transient response, a maximum line regulation 
of 0.07% Vq/V, and a maximum load regulation of 
0.01% Vo/m A. 

The LM320L/LM320ML series also includes, as self- 
protection circuitry: safe operating area circuitry for 
output transistor power dissipation limiting, a tempera- 
ture independent short circuit current limit for peak 
output current limiting, and a thermal shutdown circuit 
to prevent excessive junction temperature. Although 
designed primarily as fixed, voltage regulators, these 
devices may be combined with simple external circuitry 
for boosted and/or adjustable voltages and currents. The 
LM320L series is available in the 3-lead TO-92 package, 
and the LM320ML series is available in the 3-lead 
TO-202 package. 


For applications requiring other voltages, see LM137 

data sheet. 

Features 

■ Preset output voltage error is less than ±5% over load, 
line and temperature 

■ LM320L is specified at an output current of 100 mA 

■ LM320M L is specified at an output current of 250 m A 

■ Internal short-circuit, thermal and safe operating area 
protection 

■ Easily adjustable to higher output voltages 

■ Maximum line regulation less than 0.07% V OUT/V 

■ Maximum load regulation less than 0.01% VoUT/ m A 

■ Easily compensated with a small 0.1 £eF output 
capacitor 




RATED 

DESIGN 

DEVICE 

PACKAGE 

POWER 

OUTPUT 



DISSIPATION 

CURRENT 

LM320ML 

TO-202 

7.5W 

0.25 A 

LM320L 

TO-92 

0.6W 

0. 1 A 


Connection Diagrams 


TO-202 Power Package {P) 


TO-92 Plastic Package (Z) 


O 
5 c 


L. 


- INPUT 
FRONT VIEW 



BOTTOM VIEW 


Order Numbers: 


LM320LZ— 5.0 
LM320LZ— 12 
LM320LZ— 15 
See NS Package Z03A 


Order Numbers: 

LM320MLP— 5.0 
LM320MLP— 12 
LM320MLP— 15 
See NS Package P03A 


For Tab Formed TO-202 
Order Numbers: 

LM320MLP— 5.0 TB 
LM320MLP— 12 TB 
LM320MLP— 15 TB 
See NS Package P03E 


m 
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LM320L/LM320ML Series 


Absolute Maximum Ratings 

Input Voltage 

VoUT = -5V, -1 2 V, and -1 5V -35V 

Internal Power Dissipation (Notes 1 and 3) Internally Limited 

Operating Temperature Range 0°Gto+70°C 

Maximum Junction Temperature +125°C 

Storage Temperature Range 

Molded TO-92 -55°C to +1 50°C 

Molded TO-202 -65°C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics LM320ML (Note 2) Ta = 0°C to +70°C unless otherwise noted. 


INPUT VOLTAGE (unless otherwise noted) 

PARAMETER j CONDITIONS 

Vo Output Voltage 



AVo Line Regulation 
A Vo Load Regulation 


Tj = 25 C, Iq = 250 mA 


,AVo Long Term Stability 
Iq Quiescent Current 


Iq = 250 mA 


Iq = 250 mA 


AIq Quiescent Current Change 1 mA < lo < 250 mA 
Iq = 250 mA 


V n Output Noise Voltage 

AV|n . : - 

— Ripple Rejection 


Tj = 25 C, lo = 250 mA 
f = 10 Hz-10 kHz 


Tj = 25° C/I o = 250 mA 54 
f = 120 Hz 



Input Voltage Required Tj = 25 C 
to Maintain Line lO = 250 m 

Regulation 


40 

. (-30<V|m<-14.6) 

40 

(-30<V|n<-17.7) 

- 120 

150 

48 

60 

2 6 

2 6 

0.3 

• 0.3 

0.25 

(-27 < V||M <— 14.8) . 

, 0.25 

(-30 < V|M<— 18) 

. 100 

120 

56 

54 

-14.6 

-17.7 



Note 1: Thermal resistance of the TO-202 Package (P) without a heat sink is 12°C/W junction to case and 70°C/W case to ambient. 
Note 2: To ensure constant junction temperature, low duty cycle pulse testing is used. 
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Electrical Characteristics LM320L (Note 4 ) N Ta = 0°C to +70°C unless otherwise noted. 


1 OUTPUT VOLTAGE 

— 5V 

-12V 

-15V 


INPUT VOLTAGE (unless otherwis 

noted) 

-10V 

-17V 

-20V 

UNITS 

PARAMETER* 




MIN TYP MAX 


VO 


Tj = 25°C, lo= 100mA 

-5.2 -5 -4.8 

-12.5 -12 -1 1.5 

-15.6 -15 -14.4 




1 mA< lo< 100 mA 

-5.25 -4.75 

-12.6 -11.4 

-15.75 -14.25 




VMIN< V|N< vmax 

(-20<V| N <-7.5) 

(-27 < V|N<-14.8) 

(-30 < V|N< -18) 

V 



1 mA < lo < 40 mA 







VMIN<V|N<VMAX 





AVo 

Line Regulation 

Tj = 25°C, lo= 100mA 


■1 


mV 



Vmin<Vin<Vmax 

U i 11 ' 'M 



V 



Tj = 25°C, lo = 40 mA 

m 



mV 



vmin< Vin< vmax 




V 

AVo 

Load Regulation 

Tj = 25° C, 

50 

100 

125 

mV 



1 mA < lo < 100 mA 





AVo 

Long Term Stability- 

lO = 100 mA 

20 

48 

60 

mV/1000 hr 

|Q 

Quiescent Current 

Tj = 25° C, lo = 100 mA 

2. 6 

2 6 

- 2 6 

mA 

AIq 

Quiescent Current Change 

1 mA < lo < 100 mA 

0.3 

0.3 

0.3 

mA 



1 mA < lo < 40 mA 

0.1 

0.1 

0.1 



lO = 100 mA 

0.25 

0.25 

0.25 

mA 



VMIN< V|[\|<VmAX 

(-20 < V|M < -7.5) 

(-27 < V|N < -14.8) 

(-3Q < V|N < —18) 

V 

V n 

Output Noise Voltage 

Tj = 25°C, lo= 100 mA, 

40 

96 

120 

pV 



f= 10 Hz-20 kHz 





AV|N 

Ripple Rejection 

Tj = 25°C, lo= 100 mA, 

50 

52 

50 

dB 

AVq 


f = 120 Hz 






Input Voltage Required 

Tj = 25°C 






to Maintain Line 

lo = 100 mA 

-7.3 

-14.6 

-17.7 

Y 


Regulation 

Iq = 40 mA 

-7.0 

-14.5 

-1 7.5 



Note 3: Thermal resistance, junction to ambient, of the TO-92 (Z) Package is 180° C/W when mounted with 0.40 inch leads on a PC board, 
and 160° C/W when mounted with 0.25 inch leads on a PC board. 

Note 4: To ensure constant junction temperature, low duty cycle pulse testing is used. 
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.2 I Typical Performance Characteristics 
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LM320L/LM320ML Series 



Typical Applications 


Fixed Output Regulator 


ci*«±l 

0.33 f.iF —i 

[ 

r~ 

] 

1 

— 0.1 jiF 












*Required if the regulator is located far from the power supply 
filter. A 1 /uF aluminum electrolytic may be substituted. 
**Required for stability. A 1 i*F aluminum electrolytic may 
be substituted. 


Adjustable Output Regulator 



_V 0 = — 5V - (5V/R1 + | Q ) • R2, 
5V/R1 > 3 Iq 


±15V, 250 mA Dual Power Supply 
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rjl National Voitag 

JlA Semiconductor 

LM341 Series 3-Terminal Positive Regulators 

General Description 


Voltage Regulators 


The LM341-XX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation, HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM341-XX series is available in the plastic TO-202 
package. This package allows these regulators to deliver 
over 0.5A if adequate heat sinking is provided. Current 
limiting is included to limit the peak output current to 
a safe value. Safe area protection for the output transis- 
tor is provided to limit internal power dissipation. 
If internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit 
takes over preventing the 1C from overheating. . 


Considerable effort was expended to make the LM341-XX 
series of regulators easy to use and minimize the number 
of external components. It is not necessary to bypass 
the output, although this does improve transient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

For applications requiring other voltages, see LM117 
data sheet. 

Features 

■ Output current in excess of 0.5A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-202 package 

■ Special circuitry allows start-up even if output is 
pulled to negative voltage (± supplies) 



LM341 Series 



LM341 Series 


Absolute Maximum Ratings 

Input Voltage 

(V Q = 5V, 12V and 15V) 35V 

Internal Power Dissipation (Note 1) Internally Limited 

Operating Temperature Range 0°C to +70°C 

Maximum JunctionTemperature +125°C 

Storage Temperature Range ~65°C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) +230°C 

Electrical Characteristics T/\ = 0°C to 70° C, Iq = 500 mA, unless otherwiselnoted. 


OUTPUT VOLTAGE 

5V 

12V 

15V 


INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23V 

UNITS 

PARAMETER 

CONDITIONS 

MIN TYP MAX 


MIN TYP MAX 


v 0 

Output Voltage 

Tj = 25° C 

4.8 5 5.2 

fBBBKBI 

1.4.4 15 15.6 

V 



P D < 7.5W, 5 mA < lo < 500 mA 

4.75 5.25 

11.4 12.6 

14.25 15.75 

V 



and V-MlN< V IN< VmAX 

(7.5 < V||\j < 20) 

(14.8 < V|N<27) 

(18 < V|[\j < 30) 

V 

AV 0 

Line Regulation 

Tj = 25°C, lo = 100 mA 

50 

120 

150 

mV 



Tj = 25°C, Iq = 500 mA 

100 

240 

300 

mV 




(7.2 < V|(\| < 25) 

(14.5 < V|n<30) 

(17.6 < V| N <30) 

V 

AV 0 

Load Regulation 

Tj = 25° C, 5 mA < lo < 500 mA 

•100 

240 

300 

mV 




20 

48 

60 

mV/1000 hrs 

IQ 

Quiescent Current 

Tj = 25° C 

4 - 10 ; 

4 10 

4 .10 

mA 

AIq 

Quiescent Current 

Tj - 25° C 

0.5 

0.5 

0.5 

mA 


Change 

5 mA < lo < 500 mA 







Tj - 25° C . 

1 

1 

1 

mA 



vmin< Vin<Ymax 

(7-5 < V|M<25) 

(14.8 < V|N<30) 

; (18 < V tN < 30) 

V 

V n 

Output Noise Voltage 

Tj = 25°C, f = 10 Hz - 100 kHz 

40 

75 

90 

— 

AV!N _ . 

Ripple Rejection 

avout 

f = 120 Hz 

78 

71 

69 


Input Voltage 

Required to' Maintain 

1 Line Regulation 

Tj = 25°C, Iq = 500 mA 

7.2 

14.5 

17.6 

V 


Note 1 : Thermal resistance without a heat sink for junction to case temperature is 12°C/W for the TO-202 package. Thermal resistance for case to 
ambient temperature is 70°C/W for the TO-202 package. 
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QUIESCENT CURRENT (mA) , RIPPLE REJECTION ^) - POWER DISSIPATION (W) 


Typical Performance Characteristics 


Maximum Average Power 
Dissipation 


INFINITE HEATSINK I 


WITH 15' C/W HEATSINK - 


0 15 30 45 . 60 

AMBIENT TEMPERATURE ( C) 


Peak Output Current 



INPUT-OUTPUT DIFFERENTIAL (V) 



Ripple Rejection 



















• 








f = 120 Hz 

V IN ~V0UT = 
IquT = 500 mA 
Tj = 25°C 

8 Vgc + 

3.5 Vrm< 

; 


0 5 10 15 20 25 

OUTPUT VOLTAGE (V) 


Dropout Voltage 
2.5 -r — — | 

> | , I 

< 2.0 — Iqut = 500 mA 

5 1-5 — l 0UT = 250 mA ■=“ 

3 1.0 -^IguT = 0.0 mA - 1 — *""" 


0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C| 


Output Voltage (Normalized 
to IV at Tj = 25° C) 



0 25 50 75 100 125 

JUNCTION TEMPERATURE (°C) 


Quiescent Current 


Quiescent Current 


Output Impedance 


V 0U1 

.'OUT 

= 5V' 

= 5 mA 




T r 2 

5°C 















— 

1 " 

r 
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INPUT VOLTAGE (V) 








. — 
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’V|N = 
. V 0U1 

1UV 

r = 5V _j 




■out 
1 

= 5 mA 





25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 



Vq UT =5V 

£ in loUT = 250 mA 
S 1U IT; = 25°C 


10 100 Ik 10k 
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LM341 Series 





LM342 Series 


National 

JlM Semiconductor 
LM342 Series 3-Terminal Positive Regulators 


Voltage Regulators 


General Description 

The LM342-XX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to-be used in 
logic systems, instrumentation, HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM342-XX series is available in the plastic TO-202 
package. This package allows these regulators to deliver 
over 0.25A if adequate heat sinking is provided. Current 
limiting is, included to limit the peak output current to 
a safe value. Safe area protection for the output transis- 
tor is provided to limit internal power dissipation. If 
internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit 
takes over preventing the 1C from overheating. 

Considerable effort was expended to make the LM342-XX 
series of regulators easy to use and minimize the number 
of external components. It is not necessary to bypass 
the output, although this does improve transient response. 


Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

For applications requiring other voltages, see LM117 
data sheet. 

Features 

■ Output current in excess of 0.25A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-202 package 

■ Special circuitry allows start-up even if output is 
pulled to negative voltage (± supplies) 

Voltage Range 

LM342-5.0 5V 

LM342-12 12V 

LM342-15 15V 


Schematic and Connection Diagrams 



Plastic Package 


O 


wu 


L- GNO 
FRONT VIEW 


Order Numbers: 
LM342P-5.0 
LM342P-12 
LM342P-15 
See NS Package P03A 

For Tab Bend TO-202 
Order Numbers: 
LM342P-5.0 TB 
LM342P-12TB 
LM342P-15 TB 
See NS Package P03E 
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Absolute Maximum Ratings 

Input Voltage 
V 0 =5V 

V Q = 12V and 15V 
Internal Power Dissipation (Note 1) 
Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


30V 

35V 

Internally Limited 
0°C to +70°C 
1 25° C 
-65° C to +150°C 
300°C 


Electrical Characteristics 

Ta = 0°C to +70°C, Iq = 250 mA (Note 2) unless noted. 


I 



OUTPUT VOLTAGE 

INPUT VOLTAGE (unless otherwise noted) 

PARAMETER CONDITIONS 


Output Voltage 
(Note 3) 


1 mA < lo < 250 mA and 
VMIN< V||\|<VmaX 


MIN TYP MAX MIN TYP MAX MIN TYP MAX 

4.8 5 5.2 11.5 12 12.5 14.4 15 15.6 

“T75 5^25 TTa 1Z6“ 14.25 15.75 

(8<V| N <20) (1 5 < V|i\] < 27) (18 < V||\j < 30) 




AV 0 

Load Regulation 

AV 0 

Long Term Stability 


Quiescent Current 

AIq 

Quiescent Current 

Change 


Output Noise Voltage 

AV in 

avqut 

Ripple Rejection 



f = 120 Hz 


Input Voltage Tj = 25 C, lo = 250 mA 

Required to Maintain 
Line Regulation 


Note 1: Thermal resistance of the TO-202 package (P) without a heat sink is 12°C/W junction to case and 80°C/W junction to ambient. 
Note 2: The electrical characteristics data represent pulse test conditions with junction temperatures as shown at the initiation of tests. 
Note 3: The temperature coefficient of Vqjjt is typically within 0.01% Vq/°C. 


1-107 


LM342 Series 











































LM342 Series 


Typical Performance Characteristics 


Maximum Average Power 
Dissipation (TO-202 Package) 



0 15 30 45 60 75 


AMBIENT TEMPERATURE (°C) 



0 5 10 .15 20 25 30 


INPUT-OUTPUT DIFFERENTIAL (V) 


Dropout Voltage 



JUNCTION TEMPERATURE (°C) 


Ripple Rejection 


Ripple Rejection 


Output Impedance 



OUTPUT VOLTAGE (V) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 



5 10 15 20 25 30 35 

INPUT VOLTAGE (V) 


Quiescent Current 
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Typical Applications 


Fixed Output Regulator 


High Output Voltage Regulator 




*Required if the regulator is located far from power 
supply filter 

**Although no^ required, C2 does improve transient 
response. (If needed, use O.ljuF ceramic disc.) 



^Necessary if regulator is located far from the power supply filter 
**D3 aids in full load start-up and protects the regulator during short 
circuits from high input to output voltage differentials 


Adjustable Output Regulator 


±15V, 250 mA Dual Power Supply 



V 0 = 5V + (5V/R1 + Iq) R2 

5V/R1 > 3Iq, Load Regulation (Lr) = 
[ (R 1 + R2)/R1] • (L r of LM342-05) 



Variable Output Regulator 0.5V — 18V 



Current Regulator 



,OUT = V 2 - 3 /R1 +Iq 

AIq < 1 .5 mA over line and load changes 


VquT = V G + 5V, R1 = (-V| N /Iq LM342) 

VoUT = 5V(R2/R4) for (R2 + R3) = (R4 + R5) 

A 0.5V output will correspond to (R2/R4) = 0.1, (R3/R4) = 0.9 
*Solid tantalum 
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LM342 Series 




LM723/LM723C 



National 

Semiconductor 


Voltage Regulators 


LM723/LM723C Voltage Regulator 


General Description 

The LM723/LM723C is a voltage regulator design- 
ed primarily for series regulator applications. By 
itself, it will supply output currents up to 1 50 mA; 
but external transistors can be added to provide 
any desired load current. The circuit features ex- 
tremely low standby current drain, and provision 
is made for either linear or foldback current limit- 
ing. Important characteristics are: 

■ 150 mA output current without external pass 
transistor 

■ Output currents in excess of 10A possible by 
adding external transistors 


■ Input voltage 40V max ■' - 

■ Output voltage adjustable from 2V to 37V 

■ Can be used as either a linear or a switching 
regulator. 

The LM723/LM723C is also useful in a wide range 
of other applications such as a shunt regulator, a 
current regulator or a temperature controller. 

The LM723C is identical to the LM723 except 
that the LM723C has its performance guaranteed 
over a 0°C to 70°C temperature range, instead of 
-55° C to +1 25°C. 


Schematic and Connection Diagrams * 


V* 



Dual-In-Line Package 


NC 

CURRENT UMJT 
CURRENT SENSE 
INVERTING INPUT 

NON INVERTING 
INPUT 



FREQUENCY , 
COMPENSATION 


NC 


TOP VIEW 

Order Number LM723CN 
See NS Package N14A 
Order Number LM723J or LM723CJ 
See NS Package J14A 


Metal Can Package 


CURRENT 

LIMIT 



V 


Note: Pin 5 connected to case. 

TOP VIEW 


Equivalent Circuit* 



Order Number LM723H or LM723CH 
See NS Package H10C 
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Absolute Maximum Ratings 

Pulse Voltage from V* to V - (50 ms) 

Continuous Voltage from V + to V" 

Input-Output Voltage Differential 
Maximum Amplifier Input Voltage (Either Input) 
Maximum Amplifier Input Voltage (Differential) 

Current from V z 
Current from V REF 

Internal Power Dissipation Metal Can (Note 1) 

Cavity DIP (Note 1) 

Molded DIP (Note 1) 
Operating Temperature Range LM723 
LM723C 

Storage Temperature Range Metal Can 
DIP 

Lead Temperature (Soldering, 10 sec) 


Electrical CharacteristicsiNote d 

PARAMETER 

CONDITIONS 

LM723 

LM723C 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Line Regulation 

V IN = 12V to V, N = 15V 


.01 

0.1 


.01 

0.1 

% Vqut 


-55°C<T a <+125°C 



0.3 




% V OUT 


° o C< t a <+ 70 o C 






0.3 

% Vqut 


V, N = 12V to V, N = 40V 


.02 

0.2 


0.1 

0.5 

% v OUT 

Load Regulation 

l L = 1 mA to l L = 50 mA 


.03 

0.15 


.03 

0.2 

% Vqut 


-55°C<T a <+125°C 



0.6 




%V OUT 


0 ° c < t a<=+ 70 o C ’ 






0.6 

%V out 

Ripple Rejection 

f = 50 Hz to 10 kHz, C BEF =0 


74 



74 


dB 

V 

f = 50 Hz to 10 kHz, C REF = 5/iF 


86 



86 


dB 

Average Temperature 

-55°C < T A < +1 25°C 


.002 

.015 




%/°C 

Coefficient of Output Voltage 

0°C < T A < +70°C 





.003 

.015 

%/°c 

Short Circuit Current Limit 

Rsc = ion. Vqut = o 


65 



65 


mA 

Reference Voltage 


6.95 

7.15 

7.35 

6.80 

7.15 

7.50 

V 

Output Noise Voltage 

BW = 100 Hz to 10 kHz. C REF = 0 


20 



20 


AtVrms 


BW = 100 Hz to 10 kHz, C REF = 5pF 


2.5 



2.5 


pVrms 

Long Term Stability 



0.1 



0.1 


%/1000 hrs 

Standby Current Drain 

1 l = 0. V 1N = 30V 


1.3 

3.5 


1.3 

4.0 

mA 

Input Voltage Range 


9.5 


40 

9.5 


40 

V 

Output Voltage Range 


2.0 


37 

2.0 


37 

V 

Input-Output Voltage Differential 


3.0 


38 

3.0 


38 

V 


Note 1 : See derating curves for maximum power rating above 25°C. 

Note 2: Unless otherwise specified, T A = 25°C, V )N = V + = Vq = 12V, V“ = 0, VquT = 5V, 
I|_ = 1 mA, Rsc = 0, Ci = 100 pF, Cref = 0 and divider impedance as seen by error amplifier 
< 10 kJT2 connected as shown in Figure 1. Line and load regulation specifications are given for the 
condition of constant chip temperature. Temperature drifts must be taken into account separately 
for high dissipation conditions. 

Note 3: Lj is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 pot core 
or equivalent with 0.009 in. air gap. 

Note 4: Figures in parentheses may be used if R1/R2 divider is placed on opposite input of error amp. 
Note 5: Replace R1 /R2 in figures with divider shown in Figure 1 3. 

Note 6: V + must be connected to a +3V or greater supply. 

Note 7: For metal can applications where Vz is required, an external 6.2 volt zener diode should be 
connected in series with VquT- 
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LM723/LM723C 





LM723/LM723C 


Maximum Power Ratings 

LM723 

Power Dissipation vs 
Ambient Temperature 


Power Dissipation vs 
Ambient Temperature 




-55 -25 0 25 50 75 100 125 150 

T a AMBIENT TEMPERATURE (°C) 


-55 -25 0 25 50 75 100 125 150 

T A AMBIENT TEMPERATURE (°C) 


Typical Performance Characteristics 


Load Regulation 
Characteristics with 
Current Limiting 


Load Regulation 
Characteristics with 
Current Limiting 


Load & Line Regulation vs 
Input-Output Voltage 
Differential 











Vout = +5V 
Rsc = 0 
r A =+25°C 
\\l = +3V 
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l L = 1 mA to l L = 50 mA 
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OUTPUT CURRENT (mA) 


Current Limiting 
Characteristics 
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OUTPUT CURRENT (mA) 

Current Limiting 
Characteristics vs 
Junction Temperature 
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Standby Current Drain vs 
Input Voltage 
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Line Transient Response 


JUNCTION TEMPERATURE (°C) 


Load Transient Response 
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Output Impedance vs 
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TABLE I RESISTOR VALUES (kf2) FOR STANDARD OUTPUT VOLTAGE 


POSITIVE 

OUTPUT VOLTAGE 

APPLICABLE 

FIGURES 

FIXED 

OUTPUT 

±5% 

OUTPUT 

ADJUSTABLE 
±10% (Note 5) 

NEGATIVE 

OUTPUT VOLTAGE 

APPLICABLE 

FIGURES 

FIXED 

OUTPUT 

±5% 

5% OUTPUT 

ADJUSTABLE 

+ 10% 


(Note 4) 

R 1 

R2 

R 1 

PI 

R2 



RV 

R2 

R1 

PI 

R2 

+3.0 

1, 5, 6, 9. 

12 (4) 

4.12 

3.01 

1.8 

0.5 

1.2 

+ 100 

7 

3.57 

102 

2.2 

10 

91 

+3.6 

1, 5, 6, 9, 

12 (4) 

3.57 

3.65 

1.5 

0.5 

1.5 

+250 

7 

3.57 

255 

2.2 

10 

240 

+ 5.0 

1, 5, 6, 9, 

12 (4) 

2.15 

4.99 

.75 

0.5 

2.2 

-6 (NoteG) 

3, (10) 

3.57 

2.43 

1.2 

0.5 

.75 

+6.0 

1,5. 6, 9, 

12 (4) 

1.15 

6.04 

0.5 

0.5 

2.7 

-9 

3, 10 

3.48 

5.36 

1.2 

0.5 

2.0 

+9 0 

2, 4, (5, 6, 

12, 9) 

1.87 

7 15 

.75 

1.0 

2.7 

-12 

3, 10 

3.57 

8.45 

1.2 

0.5 

3.3 

+ 12 

2, 4, (5, 6, ■ 

9, 12) 

4.87 

7.15 

2.Q 

1.0 

3.0 

-15 

3, 10 

3.65 

11.5 

1.2 

0.5 

4.3 

+ 15 

2, 4, (5, 6, 

9, 12) 

7.87 

7.15 

3.3 

1.0 

3.0 

-28 

3, 10 

3.57 

24.3 

1.2 

0.5 

10 

- +28 t 

2, 4, (5, 6, 

9, 12) 

21.0 

7.15 

5.6 

1.0 

2.0 

-45 

8 

3.57 

41.2 

2.2 

10 

33 

+45 

7 

3.57 

48.7 

2.2 

10 

39 

-100 

8 

3 57 

97.6 

2.2 

10 

91 

+75 

7 1 

3.57 

78.7 

2.2 

10 

68 

-250 

8 

3.57 

249 

2.2 

10 

240 


TABLE II FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES 


Outputs from +2 to +7 volts 
[ Figures 1, 5, 6, 9, 12, (4)] 
R2 , 


Vout= [Vre 


' R1 + R2 


Outputs from +4 to +250 volts 
[Figure 7] 

Vout = X f{2 ~ 1 ) . R3 - R4 


Current Limiting 

, V SENSE 

lLIMIT = “Rsc 


Outputs from +7 to +37 volts 
[Figures 2, 4, (5, 6, 9, 12)] 


Outputs from -6 to -250 volts 
[ Figures 3, 8, 10] 

Vout=[^ X — — jrr— ~ ] , R3 - R4 


Foldback Current Limiting 

. VqutR3 Vsense (R3+R4) , 
KNEE " 1 R SC R4 R SC R4 1 


r V SENSE v , R3+ R4, 
'SHORT CKT ~ R sc X R4 J 


Typical Applications 




Load Regulation (AIl = 50 mA) 1.5 mV 
FIGURE 1. Basic Low Voltage Regulator 
(VquT = 2 to 7 Volts) 


Note: R3 = for minimum temperature drift. Regulated Output Voltage 15V 

Line Regulation (AV )N = 3V) 1.5 mV 

R3 may be eliminated for minimum component count. Load Regulation (Al u = 50 mA) 4.5 mV 

FIGURE 2. Basic High Voltage Regulator 
(VquT = 7 to 37 Volts) 




Regulated Output Voltage -15V 

Line Regulation (AV| N = 3V) 1 mV 

Load Regulation (Al L = 100 mA) 2 mV 

.FIGURE 3. Negative Voltage Regulator 


Regulated Output Voltage 
Line Regulation (AV )n = 3V) 
Load Regulation (Al L =, 1A) 


+15V 
1.5 mV 
15 mV 


FIGURE 4. Positive Voltage Regulator 
(External NPN Pass Transistor) 
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LM723/LM723C 



LM723/LM723C 


Typical Applications (Continued) 




TYPICAL PERFORMANCE 


Regulated Output Voltage +SV 

Line Regulation (AV| N 1 3V) 0.5 mV 

Load Regulation (Al L 3 1A) 5 mV 

FIGURE 5. Positive Voltage Regulator 
(External PIMP Pass Transistor) 



TYPICAL PERFORMANCE 


Regulated Output Voltage +5QV 

Line Regulation (AV IN = 20V) 1 5 mV 

Load Regulation (Al L = 50 mA) 20 mV 


FIGURE 7. Positive Floating Regulator 



TYPICAL PERFORMANCE 


Regulated Output Voltage +5V 

Line Regulation <AV tN = 30V) 1 0 mV 

Load Regulation (Al L * 2A) 80 mV 


FIGURE 9. Positive Switching Regulator 



TYPICAL PERFORMANCE 

Note: Current limit transistor may be Regulated Output Voltage +5V 

used (or shutdown if current Line Regulation (AV| N a 3V) 0.5 mV 

limiting it not required. Load Regulation (Al t 3 50 mA) 1 .5 mV 

FIGURE 11. Remote Shutdown Regulator with 
Current Limiting 



TYPICAL PERFORMANCE 


Regulated Output Voltage +5V 

Line Regulation (aV| N 3 3V) 0.5 mV 

Load Regulation (Al|_ 3 10 mA) 1 mV 

Short Circuit Current 20 mA 


FIGURE 6. Foldback Current Limiting 



TYPICAL PERFORMANCE 
Regulated Output Voltage -100V 

Line Regulation <AV in 3 20V) 30 mV 

Load Regulation (Al L 3 100 mA) 20 mV 

FIGURE 8. Negative Floating Regulator 



TYPICAL PERFORMANCE 
Regulated Output Voltage -15V 

Line Regulation (AV| N 3 20V) 8 mV 

Load Regulation (Al t 3 2A) 6 mV 

FIGURE 10. Negative Switching Regulator 



TYPICAL PERFORMANCE 
Regulated Output Voltage +5V 

Line Regulation (AV tN 3 10V) 0.5 mV 

Load Regulation (Alt 3 100 m A) 1.5 mV 

FIGURE 12. Shunt Regulator FIGURE 13. Output Voltage 

Adjust (See Note 5) 
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HHj National 
JlA Semiconductor 

LM1524/LM2524/LM3524 
Regulating Pulse Width Modulator 

General Description 


Voltage Regulators 


The LM1524 series of regulating pulse width modulators 
contains all of the control circuitry necessary to imple- 
ment switching regulators of either polarity, transformer 
coupled DC to DC converters, transformerless polarity 
converters and voltage doublers, as well as other power 
control applications. This device includes a 5V voltage 
regulator capable of supplying up to 50 mA to external 
circuitry, a control amplifier, an oscillator, a pulse width 
modulator, a phase splitting flip-flop, dual alternating 
output switch transistors, and current limiting and shut- 
down circuitry. Both the regulator output transistor and 
each output switch are internally current limited and, to 
limit junction temperature, an internal thermal shut- 
down circuit is employed. The LM1524 is rated for 
operation from -55° C to +125°C and is packaged in 
a hermetic 16-lead DIP (J). The LM2524 and LM3524 , 
are rated for operation from 0°C to +70°C and are 


packaged in either a hermetic 16-lead DIP (J) or a 

16-lead molded DIP (N). 

Features 

■ Complete PWM power control circuitry - 

■ Frequency adjustable to greater than 100 kHz 

■ 2% frequency stability with temperature 

■ Total quiescent current less than 10 mA 

■ Dual alternating output switches for both push-pull 
or single-ended applications 

■ Current limit amplifier provides external component 
protection 

■ On-chip protection against excessive junction temper- 
ature and output current 

■ 5 V, 50 mA linear regulator output available to user 
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M1524/LM2524/LM3524 








LM1524/LM2524/LM3524 


Absolute Maximum Ratings 








Input Voltage 

40V 

Maximum Junction temperature 



Reference Voltage, Forced 

6V 

(J Package) 





150°C 

Reference Output Current 

50 mA 

(N Package) 





125°C 

Output Current (Each Output) 

100 mA 

Storage Temperature Range 


— 65°C to +150°C 

Oscillator Charging Current (Pin 6 or 7) 5 mA 

Lead Temperature (Soldering, 10 seconds) 

300° C 

Internal Power Dissipation (Note 1) 

1W 








Operating Temperature Ranges 









LM1524 

—55° C to +125°C 








LM2524/LM3524 

0°C to +70°C 








Electrical Characteristics 








Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the LM1524 and 0°C to +70°C for the 

LM2524 and LM3524, Vj|\| = 20V, and f = 20 kHz. Typical values other than temperature coefficients, are at Ta = 25°C. 


■ 


LM1524/ 


LM3524 



PARAMETER 

CONDITIONS 


LM2524 




UNITS 





(223 

MIN 

TYP 



Reference Section 




mm 





Output Voltage 


4.8 

5.0 

d 

4.6 

5.0 

5.4 

V 

Line Regulation 

V|fvj = 8— 40V 


10 

20 


10 

30 

mV 

Load Regulation 

1 l = 0—20 mA 


20 

50 


20 

50 

mV 

Ripple Rejection 

f= 120 Hz, T A = 25°C 


66 



66 


dB - 

Short-Circuit Output Current 

VREF = 0,T A = 25°C 


100 



100 


mA 

Temperature Stability 

Over Operating Temperature Range 


0.3 

1 


0.3 

1 

% 

Long Term Stability 

T A = 25° C 


20 



20 


mV/khr 

Oscillator Section 









Maximum Frequency 

Cj = 6.001 juF, Rj = 2 ka 


350 



350 


kHz 

Initial Accuracy 

Rj and Cf constant 


5 



5 


% 

Frequency Change with Voltage 

V|M = 8— 40V, T A - 25° C 



1 



1 

% 

Frequency Change with Temperature 

Over Operating Temperature Range 



Ea 



2 

% . 

Output Amplitude (Pin 3) . 

T A = 25° C 


3.5 

■ 


3.5 


V 

Output Pulse Width (Pin 3) 

C T = 0.01 /iF, T A = 25°C 


0.5 



0.5 


[IS 

Error Amplifier Section 









Input Offset Voltage 

V C M = 2.5V 


0.5 

u 


2 

10 

mV 

Input Bias Current 

V C M = 2.5 V 


2 

10 


2 

10 

juA 

Open Loop Voltage Gain 


72 

80 


60 

80 


dB 

Common-Mode Input Voltage Range 

T A = 25° C 

1.8 


3.4 

1.8 


3.4 

V 

Common-Mode Rejection Ratio 

, T A = 25°C 


70 



70 


dB 

Small Signal Bandwidth 

Av = OdB,T A = 25°C 


3 



3 


MHz 

Output.Voltage Swing 

T A = 25° C 

0.5 


3.8 

0.5 


3.8 

V 

Comparator Section 









Maximum Duty Cycle 

% Each Output ON 

45 



45 



% 

Input Threshold (Pin 9) 

Zero Duty Cycle 


1 



1 . 


V 

Input Threshold (Pin 9) 

Maximum Duty Cycle 


3.5 



3.5 


V 

Input Bias Current . 



-1 



-1 


/iA 

'' Current Limiting Section 









Sense Voltage 

V(Pin2)-V(Pin l)>50mV, 

190 

200 

210 

180 

200 

220 

mV 


Pin 9 = 2V, T A = 25°C 








Sense Voltage T.C. 



0.2 



0.2 


mV/°C 

Common-Mode Voltage 


-0.7 


1 

- 0.7 


1 

V 

Output Section (Each Output) 









Collector-Emitter Voltage 


40 



40 



V 

Collector Leakage Current 

V C E = 40V 


0.1 

50 


0.1 

50 

JiA, 

Saturation Voltage 

1C = 50 mA 


1 

2 


1 

2 

V 

Emitter Output Voltage 

V||\j = 20V, 1 £ = —250 /iA 

17 

18 


17 

18 


V 

Rise Time (10% to 90%) 

RC= 2kn,T A = 25°C 


0.2 



0.2 


/L£S 

Fall Time (90% to 10%) 

RC = 2 kn, T A = 25°C 


0.1 



0.1 


/is 

Total Standby Current 

V|N = 40V, Pins 1, 4, 7, 8, 11 


5 

10 


5 

10 

mA 


and 14 are grounded, Pin 2 = 2V, 









All Other Inputs and Outputs Open 








Note 1: For operation at elevated temperatures, devices in the J package must be derated based on a thermal resistance of 1 00° C/W, junction 
to ambient, and devices in the N package must be derated based on a thermal resistance of 150° C/W junction to ambient. 
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Test Circuit 



Functional Description 

INTERNAL VOLTAGE REGULATOR 


The LM3524 has on chip a 5V, 50 mA, short circuit 
protected voltage regulator. This voltage regulator 
provides a supply for all internal circuitry of the device 
and can be used as an external reference. 

For input voltages of less than 8V the 5V output should 
be shorted to pin 15, V|(\j, which disables the 5V regu- 
lator. With these pins shorted the input voltage must 
be limited to a maximum of 6V. If input voltages of 
6— 8V are to be used, a pre-regulator, as shown in 
Figure 1, must be added. 



* Minimum C D of 10 juF required for stability. 

FIGURE 1 


OSCILLATOR 

The LM3524 provides a stable on-board oscillator. Its 
frequency is set by an external resistor, Rj and capac- 
itor, Cj. A graph of Rj, Cj vs oscillator frequency is 
shown in Figure 2. The oscillator's output provides the 
signals for triggering an internal flip-flop, which directs 
the PWM information to the outputs, and a blanking 
pulse to turn off both outputs during transitions to 
ensure that crdss conduction does not occur. The width 
of the blanking pulse, or dead time, is controlled by the 
value of Cx, as shown in Figure 3. The recommended 


values of Rj are 1.8 k£2 to 100 k!T2, and for Cj, 
0.001 juF to 0.1 juF. 
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Functional Description (Continued) 


ERROR AMPLIFIER CURRENT LIMITING 


The error amplifier is a differential input, transcon- 
ductance amplifier. Its gain, nominally 80 dB, is set by 
either feedback or output loading. This output loading 
can be done with either purely resistive or a combination 
of resistive and reactive components. A graph of the 
amplifier's gain vs output load resistance is shown in 
Figure 4. 

The output of the amplifier, or input to the pulse width 
modulator, can be overridden easily as its output 
impedance is very high (Z Q ~ 5 M£2). For this reason 
a DC voltage can be applied to pin 9 which will override 
the error amplifier and force a particular duty cycle to 
the outputs. An example of this could be a non-regu- 
lating motor speed control where a variable voltage was 
applied to pin 9 to control motor speed. A graph of the 
output duty cycle vs the voltage on pin 9 is shown in 
Figure 5. 

The amplifier's inputs have a common-mode input range 
of 1.8V— 3.4V. The on board regulator is useful for 
biasing the inputs to within this range. 



10 100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 
FIGURE 4 


The function of the current limit amplifier is to over- 
ride the error amplifier's output and take control of the 
pulse width. The output duty cycle drops to about 
25% when a current limit sense voltage of 200 mV is 
applied between the +C|_ and -Cl terminals. Increasing 
the sense voltage approximately 5% results in a 0% 
output duty cycle. Care should be taken to ensure the 
-0.7V to +1.0V input common-mode range is not 
exceeded. 


OUTPUT STAGES 

The outputs of the LM3524 are NPN transistors, ca- 
pable of a maximum current of 100 mA. These tran- 
sistors are driven 180° out of phase and have non- 
committed open collectors and emitters as shown in 
Figure 6. 



1 1.5 2 2.5 3 3.5 4 

VOLTAGE ON PIN 9 (V) 

FIGURE 5 
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Typical Applications 
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DESIGN EQUATIONS 


R F = 5 k g-l) 


> Vo fQSC - 



C o C 0 


2.5V. n ^ (V 0 -V IN ) 


OSC o o 
Jo(V 0 -V,n> 


•o(MAX) = 'IN - 


FIGURE 7. Positive Regulator, Step-Up Basic Configuration (l||\|(MAX) “.80 mA) 



FIGURE 8. Positive Regulator, Step-Up Boosted Current Configuration 
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Typical Applications (Continued) 


Rf 


DESIGN EQUATIONS 



BASIC SWITCHING REGULATOR THEORY AND 
APPLICATIONS 

The basic circuit of a step : down switching regulator 
circuit is shown- in Figure 12, along with a practical 
circuit design using the LM3524 in Figure 15. 

The circuit works as follows: Q1 is used as a switch, 
which has ON and OFF times controlled by the pulse 
width modulator. When Q1 is ON, power is drawn from 
V||\| and supplied to the load through LI; V/\ is at 
approximately V 1 1 \| , D1 is reverse biased, and C Q is 


charging. When Q1 turns OFF the inductor LI will 
force Va negative to keep the current flowing in it, 
D1 will start conducting and the load current will flow 
through D1 and LI. The voltage at Va is smoothed by 
the LI, C 0 filter giving a clean DC output. The current 
flowing through LI is equal to the nominal DC load 
current plus some Al[_ which is due to the changing 
voltage across it. A good rule of thumb is to set 
A/ Lp-p — 40% ' / o- 


V SAT 



FIGURE 12. Basic Step-Down Switching Regulator 
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Typical Applications (Continued) 

dj V L T 

From the relation V[_ = L — , Al|_ ~ 

dt LI 

^•L += (V|N “ V 0 ) tQN AlL _= V 0 tOFF 


Solving the above for LI 


2.5 V 0 (V||\j - V 0 ) 


Neglecting VsaT* Vq, and settling A 1 1_ = Al|_' 


v/ x/ / t0N \ v/ / t0N 

V 0 — V | |\j I = V | (sjl — — — 

VOFF + tON/ V T 


where T = Total Period 


where. LI is in Henrys 

f is switching frequency in Hz 

CALCULATING OUTPUT FILTER CAPACITOR C Q : 

Figure 14 shows Li's current with respect to Ql's 
toN and toFF times. This current must flow to the 
load and C Q . C 0 's current will then be the difference 
between 1 1 _, and 1 0 . 


The above shows the relation between V||\j, V 0 and 
duty cycle. 


•lN(DC) = 'OUT(DC) I 


JON +tQFF 


as Q1 only conducts during tQN- 


for VsAT = VD1 = IV. 


I Co ~ I L ^o 

From Figure 14 it can be seen that current will be 
flowing into C 0 for the second half of toN through the 
first half of toFF» or a time , tON/2 + tOFF/2. The 
current flowing for this time is Al i_/4; The resulting 
AV C or AV 0 is described by: 


p IN = l|N(DC)V|N = Oo(DC))( )V|N 

VON + tOFF / 

Po=loV 0 

The efficiency, r), of the circuit is: 


P|N lo(tON)V|N+(VsAT tQN + VoitQFF) >o 


_ 1 AI L / 

’' P C * 4 \ 


tQN | tQFF> 

, 2 + 2 j 


A, L/tQN +tOFF 


0 . A1 V 0 (T-toN) V 0 T 

Since AIl= and tON = 

L1 V|N 


: (V| N -V 0 ) V 0 T Z 


8V| N C 0 L1 


77 MAX will be further decreased due to switching losses 
in Q1. For this reason Q 1 should be selected to have 
the maximum possible fj, which implies very fast rise 
and fall times. 

CALCULATING INDUCTOR LI 


_ (V|N-Vq)Vo 

° 8AV 0 V| N L1 
where: C is in farads, T is 


switching frequency 


(AI L + )* LI (AI L “) • LI 

t0N - ^ — rrr « 1 off = — - — - 

( V | n “ V 0 ) Vq 


tON + t 0 FF = T = 


(AI L + ) • LI (AI L ~) • LI 
(ViN-VoT + v7~ 

0.4 1 0 L 1 i 0.4l o L1 
_ (V IN “Vq) + V 0 


Since AIi_ =AIl = 0 . 4 l o 


AVp is p-p output ripple 

The inductor's current cannot be allowed to fall to 
zero , as this would cause the inductor to saturate. For 
this reason some minimum l Q is required as shown 
below: 


lo(MIN) : 


(V|N ~ Vq) tQN _ (V|N~ Vq) Vq j 

2L1 2fV | i\j LI 


v A 

(COLLECTOR 
OF PNP) 


FIGURE 14 


a , l + = IM aMIm 
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Typical Applications (Continued) 

A complete step-down switching regulator schematic, 
using the LM3524, is illustrated in Figure 15. Transis- 
tors Q1 and Q2 have been added to boost the output 
to 1 A. The 5V regulator of the LM3524 has been 
divided in half to bias the error amplifier's non-inverting 
input to within its common-mode range. Since each 
output transistor is on for half the period, actually 
45%, they have been paralleled to allow longer possible 
duty cycles, up to 90%. This makes a lower possible 
input voltage. The output voltage is set by: 


v 0 = v NI 




where V|\j| is the voltage at the error amplifier's non- 
inverting input. 

Resistor R3 sets the current limit to: 


200 mV _ 200 mV 
R3 ~ 0.15 


Figure 16 and 17 show a PC board layout and stuffing 
diagram for the 5V, 1A regulator of Figure 15. The 
regulator's performance is listed in Table I. 



Mounted to Staver Heatsink No. V5-1 . 

Q1 = BD344, MJE171 
Q2 = 2N5023 

LI = >40 turns No. 22 wire on Ferroxcube No. K300502 Torroid core. 


FIGURE 15. 5V, 1 Amp Step-Down Switching Regulator 
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Typical Applications (Continued) 


PARAMETER 

CONDITIONS 

TYPICAL 

CHARACTERISTICS 

Output Voltage 

V|N = 10V, l 0 = 1 A 

5V 

Switching Frequency 

V|N= 10V, l 0 = 1 A 

20 kHz 

Short Circuit 

Current Limit 

V| N = 10V 

1.3A 

Load Regulation 

V|N = 10V, 
l 0 = 0.2 - 1 A 

3 mV 

Line Regulation 

AV|N = 10 -20V, 
l 0 = 1A 

6 mV 

Efficiency 

V|N = 10V, l 0 = 1 A 

80% 

Output Ripple 

V|N= 10V, l 0 = 1 A 

10 mVp-p 




FIGURE 17. Stuffing Diagram, Component Side. 
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Typical Applications (Continued) 


THE STEP-UP SWITCHING REGULATOR 

Figure 18 shows the basic circuit for a step-up switching 
regulator. In this circuit Q1 is used as a switch to alter- 
nately apply V||\j across inductor LI. During the time, 
tON* Q1 is ON and energy is drawn from V||\j and 
stored in L1;D1 is reverse biased and l 0 is supplied from 
the charge stored in C Q . When Q1 opens, tOFF/ voltage 
VI will rise positively to the point where D1 turns 


ON. The output current is now supplied through L1,D1 
to the load and any charge lost from C Q during tON is 
replenished. Here also, as in the step-down regulator, 
the current through LI has a DC component plus some 
Al[_. Al is again selected to be approximately 40% 
of li_. Figure 19 shows the inductor's current in relation 
to Ql's ON and OFF times. 



FIGURE 18. Basic Step-Up Switching Regulator 



FIGURE 19 
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Typical Applications (Continued) 


From Al |_ = 


V L T 


Al + ~ V|NtQN 
L ” . LI 


and AIl 


(Vq~ V|N)tQFF 
LI 


Since AI L + = AI L , V||\]tON = V 0 tQFF “ V||\rtOFF, 


and neglecting V$AT and Vqi 



The above equation shows the relationship between 
V|N, V 0 and duty cycle. 

In calculating input current 1 1 N (DC)# which equals the 
inductor's DC current, assume first 100% efficiency: 


PIN = l|N(DC)V|N 


Pout = i 0 v 0 = >o vin 



for 77 = 100%, Pout = p IN 


lo V IN 


Mn(dc) 


V tOFF/ 

, /, *ON \ 

= lo 1+ ) 

V tOFF/ 


l|N(DC) V|N 


From V 0 = V | (\|- 



max = 


V|N 
VlN + 1 


This equation assumes only DC losses, however t?|\/]ax 
is further decreased because of the switching time of 
QlandDI. 


In calculating the output capacitor C Q it can be seen 
that C Q supplies l D during tON- The voltage change on 
C Q during this time will be some AV C = AV 0 or the 
output ripple of the regulator. Calculation of C Q is: 


AV 0 = 


IptQN 

Co 


or C 0 = 


»ptQN 

AV 0 


From V 0 = V||\| 



tOFF = 


Vin t 

Vo 


where T = tQN + tQFF = — 


tON 


= T — 


V IN T = /Vq" V|N\ 
V 0 \ V 0 / 


therefore: 



Iq(Vq-V|N) 

fAV o V 0 


where: C Q is in farads, f is the switching frequency, 
AV 0 is the p-p output ripple 

Calculation of inductor LI is as follows: 


This equation shows that the input, or inductor, current 
is larger than the output current by the factor (1 + tON/ 
tOFF)- Since this factor is the same as the relation 
between V 0 and V 1 1\|, l||\|(DC) can a l so be expressed as: 


" N<DC, = lo &) 


So far it is assumed r\ = 100%, where the actual effi- 
ciency or 77MAX will be somewhat less due to the 
saturation voltage of Q1 and forward on voltage of D1. 
The internal power loss due to these voltages is the 
average l|_ current flowing, or I |j\j, through either 
VSAT or Vqi. For VsaT = Vqi = IV this power 
loss becomes 1 1 N (DC) (IV). t?mAX * s then: 


Pq _ VqIq = 
Pin v 0 i 0 + 1 in dv[ 


V 0 lo 



, „ v INtON . J . 

LI = x— , since during tON/ 

AIl 


V||\j is applied across LI 


AlLp-p = 0.41 l = 0.41 in 


= o.4 1 0 (— y 

\V|N/ 


therefore: 


LI 


VlNtQN 



and since tQN 


T(Vq-V|N) 

Vo 


LI 


2.5V||M 2 (V 0 -ViN) 
f l 0 V 0 2 


where :L1 is in henrys, f is the switching frequency in Hz 
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Typical Applications (Continued) 


To apply the above theory, a complete step-up switch- 
ing regulator is shown in Figure 20. Since V | j\j is 5V, 
VREF ' s t ' ec ^ to V IN- The input voltage is divided by 
2 to bias the error amplifier's inverting input. The 
output voltage is: 

VouT= ( 1 + ir)‘ V|NV= 2 - 5 '( 1 + sr) 

The network D1, Cl forms a slow start circuit. 

This holds the output of the error amplifier initially 
low thus reducing the duty-cycle to a minimum. Without 
the slow start circuit the inductor may saturate at 
turn-on because it has to supply high peak currents 
to charge the output capacitor from OV. It should 


V||\| 

5V 


o 




GND O 


also be noted that this circuit has no supply rejection. 
By adding a reference voltage at the non-inverting 
input to the error amplifier, see Figure 21 , the input 
voltage variations are rejected. 

The LM3524 can also be used in inductorless switching 
regulators. Figure 22 shows a polarity inverter which 
if connected to Figure 20 provides a -15V unregulated 
output. 


MOTOR SPEED CONTROL 


Figure 23 shows a regulating series DC motor speed 
control circuit using the LM3524 for the control and 
drive for the motor and the LM2907 as a speed sensor 
for the feedback network. 



LI = > 25 turns No. 24 wire on Ferroxcube No. K300502 Torroid core. 


FIGURE 20. 15V, 0.5A Step-Up Switching Regulator 



100 /uF 


FROM JUNCTION +1 I 
0FL1,D2^| I 

1N914B 


i 


0.1 Hf 


x— n 

T T- 


o" 15V 

^ @25mA 
100 mF 

O GND 


FIGURE 21 


FIGURE 22 
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LM2930 


Vtt National Voltage Regulators 

Mji Semiconductor 

LM2930 3-Terminal Positive Regulator 

General Description Features 

The LM2930 3-terminal positive voltage regulator 
features an ability to source 150mA of output current 
with an input-output differential of 0.6V or less. 

Efficient use of low input voltages obtained, for exam- 
ple, from an automotive battery during cold crank 
conditions, allows 5V circuitry to be properly powered 
with supply voltages as low as 5.6V. Familiar regulator 
features such as current limit and thermal overload 
protection are also provided. 

Designed primarily for automotive applications, the 
LM2930 and all regulated circuitry are protected from 
reverse battery installations or 2 battery jumps. During 
line transients, such as a load dump (40V) when the input 
voltage to the regulator can momentarily exceed the 
specified maximum operating voltage, the regulator will 
automatically shut down to protect both internal circuits 
and the load. The’ LM2930 cannot be harmed by tem- 
porary mirror-image insertion. 

Fixed outputs of 5V and 8V are available in the plastic 
TO-202 power package. 


Schematic and Connection Diagrams 
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■ Input-output differential less than 0.6V 

■ Output current in excess of 150mA 

■ Reverse battery protection 

■ 40V load dump protection 

■ Internal short circuit current limit 

■ Internal thermal overload protection 

■ Mirror-image insertion protection 


Voltage Range 

LM2930P-5.0TB 5V 

LM2930P-8.0TB 8V 




Absolute Maximum Ratings 

Input Voltage 

Operating Range 26V 

Overvoltage Protection 40V 

Reverse Voltage (100 ms) -12V 

Reverse Voltage (DC) -6V 

Internal Power Dissipation (Note 1) Internally Limited 

Operating Temperature Range -40°Cto+85°C 

Maximum Junction Temperature 125 °C 

Storage Temperature Range - 65 °C to + 150 °C 

Lead Temperature (Soldering, 10 seconds) 230 °C 

Electrical Characteristics (Note 2 ) 

LM2930P-5.0TB (V )N = 14V, l 0 = 150mA, Tj = 25°C, C2 = 10nF, unless otherwise specified) 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Output Voltage 

6V < V IN <.26V, 5mA < l 0 < 150mA, -40°C « Tj < +125°C 

4.5 

5 

5.5 

V 

Line Regulation 

9V< V IN < 16V l 0 = 5 mA 


7 

25 

mV 


6V < V IN < 26V l 0 = 5mA 


30 

80 

mV 

Load Regulation 

5mA < l 0 < 150mA 


14 

50 

mV 

Output Impedance 

100mA DC & 10mA rms, lOOHz-IOkHz 


200 

' 

mQ 

Quiescent Current 

l 0 = 10mA 


, 4 

7 

mA 


l 0 = 150mA 


30 

40 

mA 

Output Noise Voltage 

10 Hz-100 kHz 


140 


/A/rms 

Long Term Stability 



20 


mV/ 1000 hr 

Ripple Rejection 

f 0 = 120 Hz 


56 

1 

* dB 

Dropout Voltage 

l 0 = 150mA 


0.3 

0.6 

V 

Output Voltage Under 






Transient Conditions 

-12V ^ V IN < 40V, R l =100Q 


-0.3 

5.5 

V 

Electrical Characteristics (Note 21 





LM2930P-8.0TB (V iN = 14V, l 0 = 150mA, Tj = 25°C, C2= 10^F, unless otherwise specified) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Output Voltage 

9.4V < V |N < 26V, 5mA < l 0 < 1,50 mA, -40°C < Tj < +125°C 

7.2 

8 

8.8 

V 

Line Regulation 

9.4V < V |N < 16V l 0 = 5 mA 


12 

50 

mV 


9.4V <V IN < 26V l 0 = 5mA 


50 

100 

mV 

Load Regulation 

5mA < l 0 < 150mA 


25 

50 

mV 

Output Impedance 

100mA oc & 10mA rms, 100Hz-10kHz 


300 


mQ 

Quiescent Current 

l 0 = 10mA 


4 

7 

mA 


l 0 = 150 mA 


30 

40 

mA 

Output Noise Voltage 

10 Hz-100 kH* 


170 


nVrms 

Long Term Stability 



30 


mV/ 1000 hr 

Ripple Rejection 

f 0 = 120 Hz 


52 


dB 

Dropout Voltage 

l 0 = 150mA 


0.3 

0.6 

V 

Output Voltage Under 






Transient Conditions 

-12V < V IN < 40V, R l =100Q 


-0.3 

8.8 

V 

Note 1: Thermal resistance without a heat sink for junction to case temperature is 12*C/W and for case to ambient temperature is 70*C/W. 

Note 2: All characteristics are measured with a capacitor across the input of 0.1 /*F and a capacitor across the output of 10 #iF. All characteristics except noise 

voltage and ripple rejection ratio are measured using pulse techniques (t^lO ms, duty cycle<5%). Output voltage changes due to changes in internal 

temperature must be taken into account separately. 
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£2 Typical Performance Characteristics 

CM 

^ Dropout Voltage 


Ig = 200 mA 
I q = 1 50 mA 
Iq = 50 mA 


50 100 150 

JUNCTION TEMPERATURE (°C) 


Dropout Voltage 



~2*Fl 

— 























7 






OUTPUT CURRENT (mA) 


Low Voltage Behavior 


High Voltage Behavior 



2.0 3.0 4.0 5.0 6.0 

INPUT VOLTAGE (V) 


LM2930-5 
. o. - inno 






"L 

- 
















INPUT VOLTAGE (V) 


Line Transient Response 


Load Transient Response 


uj 20 T i = 25 ° c 

CJ > In = 150 mA 
£ J= -re r- i — \ 


-V|n-v 0 ut = 9 vI 
C2 = 10mF 


V|N-V 0 UT=9V 
C2 = 10 mF 


£ > 20 
t UJ 

O? 


5 30 


TIME (/is) 


TIME (ms) 






RIPPLE REJECTION (dB) QUIESCENT CURRENT (mA) OUTPUT CURRENT (mA) 


100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


V|| 

T; 

N = ‘ 
= 25 

14V 

°c 
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OUTPUT CURRENT (mA) 

Quiescent Current 

Quiescent Current 
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«C 


Mi 

200 mA - 

■■■■« 


Iq = 50 mA 


JUNCTION TEMPERATURE (°C) 

INPUT VOLTAGE (V) 

Ripple Rejection 

Ripple Rejection 
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= 120 Hz 






0 50 100 150 
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LM2930 


Typical Performance Characteristics (Continued) 


Output (mpedance 


Overvoltage Supply Current 


Reverse Supply Current 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



20 25 30 35 40 

INPUT VOLTAGE (V) 



-12 -10 -8 -6 -4 -2 0 

INPUT VOLTAGE (V) 


Output at Reverse Supply 


Output at Overvoltage 


Output Voltage (Normalized 
to IV at Tj = 25°C) 



INPUT VOLTAGE (V) 




30 35 40 -40-20 0 20 40 6Q 80 100 120 140 

INPUT VOLTAGE (V) JUNCTION TEMPERATURE (°C) 


Typical Application 


LM2930 


V IN 

UNREGULATED 

INPUT 


O f V IN v 0UT ■-+ O 
GND 

:i*— I— 1 T * — Li- C2 


Cl* 

0 . 


|v,N 

v outI 

i GND 1 


J ,Q : 


v 0UT 

REGULATED 
OUTPUT ' 
C2** 

10/iF 


* Required if regulator is located far from power supply filter 
** C2 must be at least IOjuF to maintain stability. May be increased without bound. Locate as close as 
possible to regulator. 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further 
reduction in input voltage. Measured when the output 
voltage has dropped 100 mV from the nominal value 
obtained at 14V input, dropout voltage is dependent upon 
load current and junction temperature. 

Input Voltage: The DC voltage applied to the input ter- 
minals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output 
voltage for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation or by using pulse 
techniques such that the average chip temperature is not 
significantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 


c> 

Long Term Stability: Output voltage stability under 
accelerated life-test conditions after 1000 hours with 
maximum rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio'of the peak-to-peak input rip- 
ple voltage to the peak-to-peak output ripple voltage. 

Temperature Stability of V Q : The percentage change in 
output voltage for a thermal variation from room 
temperature to either temperature extreme. 


Maximum Power Dissipation 



-40 -20 0 20 40 60 80 

AMBIENT TEMPERATURE (°C) 
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LM78XX Series 



National 

Semiconductor 


Voltage Regulators 


LM78XX Series Voltage Regulators 


General Description 

The LM78XX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation, Hi Fi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM78XX series is available in an aluminum TO-3 
package which will allow over 1.0A load current if 
adequate heat sinking is provided. Current limiting is 
included to limit the peak output current to a safe value. 
Safe area protection for the output transistor is provided 
to limit internal power dissipation. If internal power 
dissipation becomes too high for the heat sinking 
provided, the thermal shutdown circuit takes over 
preventing the 1C from overheating. 

Considerable effort was expended to make the LM78XX 
series of regulators easy to use and minimize the number 


of external components. It is not necessary to bypass the 
output, although this does improve transient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

For applications requiring other voltages, see LM117 
data sheet. 

Features 

■ Output current in excess of 1A~ 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in the aluminum TO-3 package 

Voltage Range 

LM7805C 5V 

LM7812C 12V 

LM7815C 15V 


Schematic and Connection Diagrams 



Metal Can Package 
TO-3 (K) 
Aluminum 


BOTTOM VIEW 



GNO 

( 3 ) 


Order Numbers: 

LM7805CK 

LM7812CK 

LM7815CK 

See NS Package KC02A 


Plastic Package 
TO-220 (T) 



TOP VIEW 

Order Numbers: 

LM7805CT 

LM7812CT 

LM7815CT 

See NS Package T03B 
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Absolute Maximum Ratings 


Input Voltage (Vo = 5V, 12V and 15V) 
Internal Power Dissipation (Note 1) 
Operating Temperature Range (Ta) 


35V 

Internally Limited 


Maximum Junction Temperature 
(K Package) 

(T Package) 

Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 
TO-3 Package K 
TO-220 Package T 


0°Cto + 70°C 

150°C 
125°C 
—65 °Cto + 150°C 


300 °C 
230 °C 


Electrical Characteristics LM78XXC (Note 2) 0°C < Tj < 125 °C unless otherwise noted. 


OUTPUT VOLTAGE 

5V 

12V 

15V 

UNITS 

INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23V 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Vq Output Voltage 

Tj = 25 °C, 5 mA Iq < 1A 

4.8 5 5.2 

11.5 12 12.5 

14.4 15 15.6 

V 

P[) < 15W, 5 mA < Iq < 1A 

V MIN < V| N V MA X 

4.75 5.25 

(7< V tN < 20) 

11.4 12.6 

(14.5 < V| N < 27) 

14.25 15.75 

(17.5 < V|N < 30) 

V 

V 

AVq Line Regulation 

Iq = 500 mA 

Tj = 25 °C 
av !N 

3 50 

(7 < Vj N < 25) 

4 120 

(14.5 < V|N < 30) 

4 150 

(17.5 < V|N < 30) 

mV 

V 

0°C< Tj < +125°C 

AV| N 

50 

(8< V| N < 20) 

120 

(15 < V| N ^ 27) 

150 

(18.5 < V| N < 30) 

mV 

V 

1 0< 1A 

Tj = 25 °C 

AV| N 

50 

(7.3 V, N < 20) 

120 

(14.6 < V| N < 27) 

150 

(17.7 < V| N < 30) 

mV 

V 

0° ^ Tj < + 125°C 

AV| N 

25 

(8 < in < 12) 

60 

<16 < V| N < 22) 

75 

(20 < V| N < 26) 

mV 

V 

AVq Load Regulation 

Tj = 25 °C 

5 mA < Iq < 15A 

250 mA ^ Iq < 750 mA 

10 50 

25 

12 120 
60 

12 150 

75 

mV 

mV 

5mA< l 0 < 1A, 0°C< Tj<+125°C 

50 

120 

150 

mV 

Iq Quiescent Current 

•o< 1A 

Tj = 25 °C 

0°C< Tj < +125 °C 

8 , 
8.5 

8 

8.5 

8 

8.5 

mA 

mA 

. . Quiescent Current 

AI Q Change 

5 mA < Iq < 1A 

0.5 

6.5 

0.5 

mA 

Tj = 25 °C, I 0 < 1 A 

V M IN<V| N < v max 

1.0 

(7.5 ^ Vin < 20) 

1.0 

(14.8 < V| N < 27) 

1.0 

(17.9 ^ V| N < 30) 

mA 

V 

l 0 < 500 mA, 0°C< Tj<+125°C 

v min < V| N < v M ax 

1.0 

(7 < V| N < 25) 

1.0 

(14.5 < V| N < 30) 

1.0 

(17.5 < V| N < 30) 

mA 

V 

V|\j Output Noise Voltage 

T A = 25 °C, 10 Hz < f < 100 kHz 

40 

75 

90 

mV 

AV| N 

AVoUT Ripple Ejection 

( l 0 < 1A, Tj = 25°C or 
f = 120 Hz l l 0 < 500 mA 

ro°C< Tj < + 125°C 

Vmin < V| N < v MA x 

62 80 

62 

(8 < V| N < 18) 

55 72 

55 

(15< V| N < 25) 

54 70 

54 

(18.5 < V| N < 28.5) 

dB 

dB 

V 

Dropout Voltage 
Output Resistance 

Rq Short-Circuit Current 

Peak Output Current 
Average TC of VoUT 

Tj = 25 °C, l0UT = 1A 
f = 1 kHz 

Tj = 25 °C 

Tj = 25 °C 

0°C < Tj < +125 °C, lo = 5 mA 

2.0 

8 

2.1 

2.4 

0.6 

2.0 

18 

1.5 

2.4 

1.5 

2.0 

19 

1.2 

2.4 

1.8 

> cs < < O 
E L. 

> 
E 

Input Voltage 

V|n Required to Maintain 

Line Regulation 

Tj =25°CJ 0 < 1 A 

7.3 

14.6 

17.7 

V 


Note 1: Thermal resistance of the TO-3 package (K, KC) is typically 4°C/W junction to case and 35°C/W case to ambient. Thermal resistance of the 
TO-220 package (T) is typically 4°C/W junction to case and 50°C/W case to ambient. 

Note 2: All characteristics are measured with capacitor across the input of 0.22 nF, and a capacitor across the output of 0.1 /iF. All characteristics ex- 
cept noise voltage and ripple rejection ratio are measured using pulse techniques (tyvsIO ms, duty cycle ^5%). Output voltage changes due to 
changes in internal temperature must be taken into account separately. 
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OUTPUT IMPEDANCE (12) NORMALIZED OUTPUT VOLTAGE (V) POWER DISSIPATION (W) 


Typical Performance Characteristics 


Maximum Average Power 
Dissipation 



“1 — ! — 
_ INFINITE- 



t ?- 3 i 


HEAT SINK 










rn 








V 



^WITH 10 

°C/W 
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c 







A 


NOHEAT SIN 

iT* 



> 

— 

2 

r 



5 

~JT\ 


-75 -50 -25 0 ,25 50 75 100 125 

AMBIENT TEMPERATURE TO 


Maximum Average Power 
Dissipation 


I INFINITE HEATSINK 



WITH 10°C/W HEAT SINK 


25 50 75 

AMBIENT TEMPERATURE (°C) 


Peak Output Current 





, , , 

-W OUT = 100 mV 







A 

T i= : 

b 

k 


^Tj = 0°C— i 

— 


0 5 10 15 20 25 30 2 

INPUT TO OUTPUT DIFFERENTIAL (V) 


Output Voltage (Normalized 
to IV at T: = 25°C) 






V|N- 

1 

v 0UT = 

5V 







)UT 

5 mA 
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Ripple Rejection 


II 

II 

■I 

II 

II 



]G Ik 10k 100k 
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f = 120 Hz 
-V|N-V 0 UT = 
>0UT= 1A 

Tj = 25 C 
1 

8 V DC + 

1 1 

3.5 Vrm< 

1 1 

— 


0 5 10 15 20 

OUTPUT VOLTAGE (V) 


Output Impedance 


:V| N = 10V — L.» 

InilT = 500 mA 

Tj = 25° C 

- . - 

===== 

____ 


■j 

===== 


— , — 

— 






Cout = 1 ^ f 4 

TANTALUM 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Dropout Voltage 

I AVqut = 100 mV 

rrfTT 

1 0 LIT - 1 A — 

n *'v1 < ||quy = 500 mA 


Dropout Characteristics 
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f— loUT = 500 mA - 

I I I 1 1 
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0 2 4 6 8 

INPUT VOLTAGE (V) 


Quiescent Current 


Quiescent Current 


V| N = 10V 
-V 0 uT = 5V - 

•out = 5 rnA 
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National 

Semiconductor 


Voltage Regulators 


LM78LXX Series 3-Terminal Positive Regulators 


General Description 

The LM78LXX series of three terminal positive regu- 
lators is available with several fixed output voltages 
making them useful in a wide range of applications. 
When used as a zener diode/resistor combination replace- 
ment, the LM78LXX usually results in an effective 
output impedance improvement of two orders of magni- 
tude, and lower quiescent current. These regulators can 
provide local on card regulation, eliminating the distri- 
bution problems associated with single point regulation. 
The voltages available allow the LM78LXX to be used in 
logic systems, instrumentation, HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 


The LM78LXX is available in the metal three lead 
TO-39 (H) and the plastic TO-92 (Z). With adequate 
heat sinking the regulator can deliver 100 mA output 
current. Current limiting is included to limit the peak 
output current to a safe value. Safe area protection 
for the output transistor is provided to limit internal 
power dissipation. If internal power dissipation becomes 
too high for the heat sinking provided, the thermal 
shutdown circuit takes over preventing the 1C from 
overheating. 


For applications requiring other voltages, see LM117 
data sheet. 


Features 

■ Output voltage tolerances of ±5% (LM78LXXAC) and 
±10% (LM78LXXC) over the temperature range 

■ Output current of 100 mA 

■ Interna! thermal overload protection 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-92 and metal TO-39 low 
profile packages 


Voltage Range 

LM78L05 5V 

LM78L12 12V 

LM78L15 15V 


Connection Diagrams 


Metal Can Package Plastic Package 


BOTTOM VIEW 




BOTTOM VIEW 


Order Numbers: 

LM78L05ACH LM78L05CH 

LM78L12ACH LM78L12CH 

LM78L15ACH LM78L12CH 

See NS Package H03A 


Order Numbers: 

LM78L05ACZ LM78L05CZ 

LM78L12ACZ LM78L12CZ 

LM78L15ACZ LM78L15CZ 

See NS Package Z03A 
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LM78LXX Series 


Absolute Maximum Ratings 

I nput Voltage V 0 = 5V 30V 

V 0 = 12V and 15V 35V 

Internal Power Dissipation (Note 1) Internally Limited 

Operating Temperature Range 0°C to +70° C 

Maximum Junction Temperature 125°C 

Storage Temperature Range 

Metal Can (H Package) ~65°C to + 150°C 

Molded TO-92 (Z Package) -55°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


LM78LXXAC Electrical Characteristics (Note 2) 

Tj = 0°C to +125°C, Iq = 40 mA,Cj(\| = 0.33/iF, Cq = 0.1/tF (unless noted) 


LM78LXXAC OUTPUT VOLTAGE 


INPUT VOLTAGE (unless otherwise noted) 


PARAMETER 


Output Voltage 
(Note 4) 


Line Regulation 


CONDITIONS 


Tj = 25° C 


1 mA< lo<70mA 
1 mA < lo < 40 mA and 
V MIN< V|N <vmax 


Tj = 25°C 



4.75 5.25 

4.75 5.25 

(7 < V||\| < 20) 


10 54 

(8< V| N <20) 


AV 0 

Load Regulation 

AV 0 

Long Term Stability 

•q 

Quiescent Current 

AIq 

Quiescent Current 

Change 

V n 

Output Noise Voltage 

AV ,n 

avqut 

Ripple Rejection 

Input Voltage 

Required to Maintain 
Line Regulation 


Tj = 25°C, 1 mA < l 0 < 40 mA 
Tj = 25°C, 1 mA<lo< 100mA 


Tj = 25° C , 
Tj = 125°C 


1 mA < Iq < 40 mA 


VMIN < V|N< VMAX 


Tj = 25°C. (Note 3) 
f = 10 Hz - 10 kHz 


f = 120 Hz 


0.1 


1.0 

(8 <V|n< 20) 


40 


47 62 

(8<V| N <16) 



12.5 14!4 


MIN TYP MAX 


14!4 15 15.6 


14.25 15.75 

14.25 15.75 

(17.5 < V|N<30) 


20 110 
(16 < V||\j < 27) 



37 

250 

(17.5 < V||\ 

o 

CO 

VI 

12 

75 

35 

150 

' 30 



0.1 

0,1 

1.0 

(16 < V||\|<27) 

1.0 

(20 < V| N <30) 

80 

90 

40 54 

(15 < V|N < 25) 

37 51 

18.5 <V|N< 28.5) 

14.5 

I 

17.5 ' 



Note 1: Thermal resistance of the Metal Can Package (H) without a heat sink is 15°C/W junction to case and 140°C/W junction to am- 
bient. Thermal resistance of the TO-92 package is 180°C/W junction to ambient with 0.4" leads from a PC board and 160°C/W junction 
to ambient with 0.125" lead length to a PC board. 

Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length 
of the package. The data above represent pulse test conditions with junction temperatures as indicated at the initiation of test. 

Note 3: Recommended minimum load capacitance of O.OIjuF to limit high frequency noise bandwidth. 

Note 4: The temperature coefficient of Vq UT is typically within ±0.01% V 0 /°C. 
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30V 

35V 

Internally Limited 
0°C to +70° C 
125°C 

-65°C to +1 50°C 
-55° C to +150°C 
300° C 


LM78LXXC Electrical Characteristics (Note 2) 

Tj = 0°C to + 125°C, Iq = 40 mA, C||\j = 0.33 /liF, Cq = O.ljuF (unless noted) 


LM78LXXC OUTPUT VOLTAGE 

5V 

12V 

15V 


INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23V 

UNITS 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 


Vo 

Output Voltage 

Tj = 25°C 

4.6 5 5.4 

11.1 12 12.9 

13.8 15 16.2 

V 


(Note 4) 

1 mA < lo < 70 mA or 


10.8 13.2 

13.5 16.5 

V 



1 mA < lo < 40 mA and AV|n 

(7<V| N <20) 

(14.5<V|N<27) 

(18 < V||\| < 30) 

V 

AV 0 

Line Regulation 

Tj = 25° C 

10 150 


9 





<8 < V|fsj < 20) 







18 200 


WM 





(7 < V||\j < 20) 




AV 0 

Load Regulation 

Tj = 25°C, 1 mA < lQ<40mA 

m 

■iTTO 


mV 



Tj = 25°C, 1 mA<lo< 100 mA 

wmMM 



mV 

AV 0 

Long Term Stability 


12 

24 

30 

mV/1000 hrs 

IQ 

Quiescent Current 

Tj = 25° C 




mA 



Tj = 1 25°C 


msmM 



AIq 

Quiescent Current 

Tj = 25°C, 1 mA< lo<40 mA 

0.2 

0.2 

0.2 

mA 




1.5 



mA 


Change 

Tj = 25° C 

(8<V|N<20) 



V 

Vn 

Output Noise Voltage 

Tj = 25° C, (Note 3) 

40 

80 

90 

juV 



f = 10 Hz — 10 kHz 







f = 125 Hz 




dB 







V 


Input Voltage 

Tj = 25°C 

7 

14.5 

18 

V 


Required to Maintain 


* 





Line Regulation 







Note 1: Thermal resistance of the Metal Can Package (H) without a heat sink is 15°C/W junction to case and 140°C/W junction to am- 
bient. Thermal resistance of the TO-92 package is 180°C/W junction to ambient with 0.4” leads from a PC board and 160°C/W junction 
to ambient with 0.125” lead length to a PC board. , 

Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length 
of the package. The data above represent pulse test conditions with junction temperatures as indicated at the initiation of test. 

Note 3: Recommended minimum load capacitance of 0.01/nF to limit high frequency noise bandwidth. 

Note 4: The temperature coefficient of Vq UT is typically within ±0.01% Vq/°C. 


Absolute Maximum Ratings 

Input Voltage Vq = 5V 

V 0 = 12V and 15V 
Internal Power Dissipation (Note 1) 
Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Metal Can (FI Package) 

Molded TO-92 

Lead Temperature (Soldering, 10 seconds) 
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LM78LXX Series 


Typical Performance Characteristics 


Maximum Average Power > , 

Maximum Average Power Dissipation (Metal Can 

Dissipation (Plastic Package) Package) Peak Output Current 



AMBIENT TEMPERATURE <°C) 


AMBIENT TEMPERATURE fC) 


INPUT-OUTPUT DIFFERENTIAL (V) 


Dropout Voltage 
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Equivalent Circuit 



LM78LXX 


Typical Applications 



**See Note 3 in tho electrical characteristics table. 


Fixed Output Regulator 



Vout s 5V ♦ (5V/R1 + l 0 ) R2 

5V/R1 > 3 l Q . load regulation (L t ) % [(R1 + R2I/R1] (L r ol LM78L05) 


Adjustable Output Regulator 
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LM78LXX Series 


Typical Applications (Continued) 



•out - (V 2 j/R1) + Iq 
A l Q •= 1.5 mA over tine and load changes 


Current Regulator 



***0ptional: Improves ripple rejection and transient response. 

Load Regulation: 0.6% 0 < l L < 250 mA pulsed with t 0N - 50 ms. 


5V, 500 mA Regulator with Short Circuit Protection 



+ 15V, 100 mA Dual Power Supply 



Vout = 6V (R2/R4) for (R2 + R3) = (R4 + R5) 

A 0.5V output will correspond to (R2/R4) = 0.1, (R3/R4) = 0.9 

Variable Output Regulator 0.5V — 18V 
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National 
Semiconductor 
LM78MXX Series 3-Terminal Positive Regulators 

General Description 


Voltage Regulators 


The LM78MXX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is' 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation. Hi Fi , and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 


The LM78MXX series is available in the plastic TO-202 
package. This package allows these regulators to deliver 
over 0.5A if adequate heat sinking is provided. Current 
limiting is included to limit the peak output current to 
a safe value. Safe area protection for the output transis- 
tor is provided to limit internal power dissipation. 
If internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit 
takes over preventing the 1C from overheating. 


Considerable effort was expended to make the LM78MXX 
series of regulators easy to use and minimize the number 
of external components. It is not necessary to bypass 
the output, although this does improve transient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

For applications requiring other voltages, see LM117 
.datasheet. ' 

Features 

■ Output current in excess of 0.5A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-202 package 

■ Special circuitry allows start-up even if output is 
pulled to negative voltage (± supplies) 


Schematic and Connection Diagrams 



Plastic Package 



Order Numbers: 

LM78M05CP 
LM78M12CP 
LM78M15CP 
See NS Package P03A 

For Tab Bend TO-202 
Order Numbers: 

LM78M05CP TB 
LM78M12CP TB 
LM78M15CP TB 
See NS Package P03E 


CM 
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LM78MXX Series 


Absolute Maximum Ratings 

Input Voltage 

(V 0 = 5V, 12V and 15V) 35V 

Internal Power Dissipation (Note 1) * Internally Limited 

Operating Temperature Range 0°Cto+70°C 

Maximum Junction Temperature +125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) +230°C 

Electrical Characteristics* 

Ta = 0°C to 70° C, Iq = 500 mA, unless otherwise noted. 


OUTPUT VOLTAGE 

INPUT VOLTAGE (unless otherwise noted) 
PARAMETER I CONDITIONS 


5V 12V 15V 

10V 19V 23 V 

’ MIN TYP MAX MIN TYP MAX MIN TYP MAX 


Output Voltage 


Line Regulation 


Load Regulation 
Long Term Stability 
Quiescent Current Tj,= 25yc. 

Quiescent Current, Tj = 25°C 

Change 5 mA < lo < 500 mA 

Tj = 25° C 

VMIN< V|N< VMAX , • 

Output Noise Voltage Tj = 25° C, f = 10 Hz - 100 kHz 


Tj = 25° C 4,8 

Pq < 7.5W, 5 mA < lo < 500 mA 475 
and VjVilN < V|N < VMAX (7.5 < 
Tj = 25°C, lo = 100 mA ' 

Tj = 25°C, Iq = 500 mA 


Tj = 25° C, 5 mA < Iq < 500 m A 


Ripple Rejection 

Input Voltage 
Required to Maintain 
Line Regulation 


f = 120 Hz 

Tj = 25°C, Iq = 500 mA 


4.8 5 5.2 11.5 12 12.5 14,4 15 15.6 

4.75 5.25 11.4 ' 12.6 14.25 15.75 

(7.5 < V||\| < 20) (14.8 < V||\| < 27) (18<V| N <30) 


50 

f 120 

150 

; mV 

■100 

240 

300 

mV 

(7.2<\y| N <25) 

(14.5 < V||\| < 30) 

(17-6< Vj N <30) 

: V 

100. 

240 

300 

mV 

20 

48 

60 

mV/1000 hrs 

.4 10 

. 4 ’ , 10 

4 10 

mA 

0.5 

' 0.5 

0.5 

mA 

1 

1 

1 

mA 

<7.5 < V|n<25) 

(14.8 <,V ||\j < 30) 

(18 ^ V| N < 30). 

V 

40 

75 

90 

: juV 

78 

71 

’ 69 

. dB 

7.2 

1415 

17.6 

V 


Note 1: Thermal resistance without a heat sink for junction to case temperature is 12°C/W for the TO-202 package. Thermal resistance for case to 
ambient temperature is 70° C/W for the TO-202 package. 
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QUIESCENT CURRENT (mA) RIPPLE REJECTION (dB) POWER DISSIPATION (W) 


Typical Performance Characteristics 


Maximum Average Power 
Dissipation 


Peak Output Current 


Ripple Rejection 


INFINITE HEATSINK 


- WITH 15°C/W HEAT SINK - 


15 30 45 60 75 

AMBIENT TEMPERATURE ( C) 


1.25 Tj= 0°C~ 





0 5 10 15 20 25 30 

INPUT-OUTPUT DIFFERENTIAL (V) 


20 V IN “ v OUT = 8 V DC + 3 5 Vrms -HU 

IquT = 5®® mA - - Jill 

Tj = 25 U C ‘"""it 

10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Ripple Rejection 




f= 120 Hz 




+ 

3.5 Vrms 



•out 

T r 2 

j°C 



• 








. PAR 

T = V.»i 




LM78M05C,To 

V 



LM78M15C, 23 

V 

l 



5 10 15 20 25 

OUTPUT VOLTAGE |V) 


Dropout Voltage 


TT 

lOUT = 500 mA . 



1 

— 

“ 

*0UT = 250 mA ‘ 

— | n nY “Q0 mA 



•UU 1 u * w 1 n 



AVqjjt = I®® mV 




0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Output Voltage (Normalized 
to IV at Tj = 25° C) 


1.015 




























0.990 



















Zj 


0.975 






1 



0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Quiescent Current 


Quiescent Current 


VQU7 

•OUT 

* 5V ' 

-5 mA 




lj = 25 C 

i 1 





— 

— 

— 

— 

— 


r 



— 

— 

— 








15 20 25 30 35 

INPUT VOLTAGE (V) 


30 -V| N = 10V “ 

_V 0 ut=5V _ 

•out = 5mA 


25 50 75 '100 125 150 

JUNCTION TEMPERATURE (°C) 


Output Impedance 

Vout = 5v ==: 

IqUT = 250 mA 

1 i T; = 25° c mm 


10 100 - Ik 10k 100k 1M 

FREQUENCY (Hz) 
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LM79XX Series 



National 

Semiconductor 


Voltage Regulators 


LM79XX Series 3-Terminal Negative Regulators 


General Description 

The LM79XX series'of 3-terminal regulators is available 
with fixed output voltages of —5V, —12V, and —15V. 
These devices need only one external component— a 
compensation capacitor at the output. The LM79XX 
series is packaged in the TO-220 power package and is 
capable of supplying 1.5A of output current. 

These regulators employ internal current limiting safe 
area protection and thermal shutdown for protection 
against virtually all overload conditions. 

Low ground pin current of the LM79XX series allows 
output voltage to be easily boosted above the preset 
value with a resistor divider. The low quiescent current 


drain of these devices with a specified maximum change 
with line and load ensures good regulation in the voltage 
boosted mode. 

For applications requiring other voltages, see LM137 
data sheet. 

Features 

■ Thermal, short circuit and safe area protection 

■ High ripple rejection 

■ 1.5A output current 

■ 4% preset output voltage 


Typical Applications 



Load Regulation at Alj_ = 1 A 
Output Ripple, C||\| = 3000/uF, l|_ = 
Temperature Stability 
Output Noise 10 Hz < f < 10 kHz 


40 mV 
100/iVrms 
50 mV 
150;uVrms 


2 mV 
lOOjuVrrhs 
50 mV 
1 50/iVrms 


•Resistor tolerance of R4 and R5 determine matching of (+) and (— ) outputs 
* 'Necessary only if raw supply filter capacitors are more than 3” from regulators 


Variable Output 



•Improves transient response and ripple rejection. 
Do not increase beyond 50 mF. 

( R1 + R2 
— 

R2 

Select R2 as follows 

LM7905CT 300ft 

LM7912CT 750ft 

LM7915CT Ik 



Fixed Regulator 


nr; 


“ — pr 2 j 1 — pr 

r° LM79XXCT 


•Required if regulator is separated from filter capacitor by more than 3". 
For value given, capacitor must be solid tantalum. 25/uF aluminum electro- 
lytic may be substituted. 

t Required for stability. For value given, capacitor must be solid tantalum. 
25/iF aluminum electrolytic may be substituted. Values given may be 
increased without limit. 

For output capacitance in excess of lOOpF, a high current diode from 
input to output (1N4001, etc.) will protect the regulator from momentary 
input shorts. 


Dual Trimmed Supply 
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Absolute Maximum Ratings 


Input Voltage 


o< 

II 

CJI 

< 

-35V 

(V Q = 12V and 15V) 

-40V 

Input-Output Differential 


o< 

II 

CJI 

< 

25V 

(V 0 = 12V and 15V) 

30V 

Power Dissipation 

Internally Limited 

Operating Junction Temperature Range 

0°C to +125°C 

Storage Temperature Range 

-65° C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) 

230°C 


Electrical Characteristics Conditions unless otherwise noted: loUT = 500 mA, C | |\j = 2.2pF, CquT = IjuF, 

0°C<Tj< +125°C, Power Dissipation < 1 5W. 


PART NUMBER 

LM7905C 


OUTPUT VOLTAGE 

5V 

UNITS 

INPUT VOLTAGE (unless otherwise specified) 

-10V 


PARAMETER 

CONDITIONS 

MIN TYP MAX 


vo 

Output Voltage 

Tj = 25° C 

-4.8 -5.0 -5.2 

V 



5 m A < loUT ^ 1 A, 

-4.75 -5.25 

V 



P< 15W 

(-20 < V|n<“7) 

V 

AV 0 

Line Regulation 

Tj = 25°C, (Note 2) 

8 50 

mV 




(-25 < V|n<"7) 

V 




2 15 

mV 




(-12 < Vim < -8) 

V 

AV 0 

Load Regulation 

Tj = 25°C, (Note 2) 


mV 



5 mA < loUT < 1.5A 

15 100 

mV 



250 mA < loUT < 750 mA 

5 50 

mV 

IQ 

Quiescent Current 

Tj = 25°C 

1 2 

m A 

AIq 

Quiescent Current 

With Line 

0.5 

m A 


Change 


(-25 < V|N<-7) 

V 



With Load, 5 mA< loUT — 1 A 

0.5 

m A 

V n 

Output Noise Voltage 

Ta = 25°C, 1 0 Hz <f < 100 Hz 

125 

vv 


Ripple Rejection 

f = 120 Hz 

54 66 

dB 




(-1 8 < V in < -8) 

V 

Dropout Voltage 

Tj = 25°C, l 0 UT=1A 

1.1 

V 

'OMAX 

Peak Output Current 

Tj = 25° C 

2.2 

A 


Average Temperature 

'OUT = 5 mA, 

0.4 

m V/°C 


Coefficient of 

0 C < Tj < 100°C 




Output Voltage 
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LM79XX Series 


Electrical Characteristics (Continued) Conditions unless otherwise noted: loUT = 500 mA, C|(\j = 2.2jt*F, 
CquT = lAtF, 0°C < Tj < +125° C, Power Dissipation = 1.5W. 


PART NUMBER 

LM7912C 

LM7915C 


OUTPUT VOLTAGE 

12V 

15V 

UNITS 

INPUT VOLTAGE (unless otherwise specified) 

-19V 

-23V 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 


vo 

Output Voltage 

Tj = 25°C 

-11.5 -12.0 -12.5 

-14.4 -15.0 -15.6 




5 mA < toUT < 1 A - 

-11.4 -12.6 

-14.25 -15.75 




P< 15W 

(-27 < V| N <-14.5) 

(-30 < V|n <-17.5) 


AV 0 

Line Regulation 

Tj = 25°C, (Note 2) 

5 80 

5 100 

mV 




(-30 < V|(s| < -14.5) 

(-30 < V|fyj < -1 7.5) 

V 




3 30 

3 50 

mV 




(-22 < V|N < -16) 

(-26 < V| N < -20) 

V 

AV 0 

Load Regulation 

Tj = 25°C, (Note 2) 



mV 



5 mA < IquT < 1.5A 



mV 



250 mA < l0UT < 750 mA 



mV 

IQ 

Quiescent Current 

Tj = 25° C 

1.5 3 

1.5 3 

mA 

AIq 

Quiescent Current 

With Line 

0.5 

0.5 

mA 


Change 


(-30 < V|N<-14.5) 

(-30 < V|N C-17.5) 

V 



With Load,5mA< loUT^ 1 A 

0.5 

0.5 

mA 

v n 

Output Noise Voltage 

Ta = 25°C, 10 Hz<f < 100 Hz 

300 

375 

AiV 


Ripple Rejection 

f = 120 Hz 



dB 






V 

Dropout Voltage 

Tj = 25°C, l0UT= 1A 

1.1 

1.1 

V 

•OMAX 

Peak Output Current 

Tj = 25° C 

2.2 

2.2 



Average Temperature 

IOUT= 5 mA, 

-0.8 

-1.0 



Coefficient of 

Output Voltage 

0°C < Tj < 100° C 





Note 1: For calculations of junction temperature rise due to power dissipation, thermal resistance junction to ambient (0j^) is 50°C/W 
(no heat sink) and 5°C/W (infinite heat sink). 

Note 2: Regulation is measured at a constant junction temperature by pulse testing with a low duty cycle. Changes in output voltage 
due to heating effects must be taken into account. 
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Typical Applications (Continued) 

High Stability 1 Amp Regulator 



Load and line regulation < 0.01% temperature stability < 0.2% 
t Determines Zener current 
ttSolid tantalum 

•Select resistors to set output voltage. 2 ppm/°C tracking suggested 


Preventing Positive Regulator Latch-Up 



R1 and D1 allow the positive regulator to “start-up” when +V||\| is 
delayed relative to — V | jsj and a heavy load is drawn between the 
outputs. Without R1 and D1, most three-terminal regulators will not 
start with heavy (0.1 A— 1 A) load current flowing to the negative 
regulator, even though the positive output is clamped by D2. 

R2 is optional. Ground pin current from the positive regulator flowing 
through R1 will increase +VquT ^ 60 mV if R2 is omitted. 


Current Source 



Light Controllers Using Silicon Photo Cells 



* Lamp brightness increases until i| = iQ 1 mA) + 5V/R1. 
t Necessary only if raw supply filter capacitor is more than 2 " 
from LM7905CT 



•Lamp brightness increases until i| = 5V/R1 (i| can be set as 
low as 1 mA) 

t Necessary only if raw supply filter capacitor is more than 2 " 
from LM7905CT 1 


Connection Diagrams 


Order Numbers: 
LM7905CK 
LM7912CK 
LM7915CK 

See NS Package KC02A 


TO-3 Package 



TOP VIEW 


TO-220 Package 


o 


OUTPUT 

INPUT 

GN0 


TOP VIEW 


Order Numbers: 
LM7905CT 
LM7912CT 
LM7915CT 
See NS Package T03B 
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National 

Semiconductor 


LM79LXXAC Series 3-Terminal 


General Description 

The LM79LXXAC series of 3-terminal negative voltage 
regulators features fixed output voltages of —5V, —12V, 
and —15V, with output current capabilities in excess. of 
100 mA. These devices were designed using the latest 
computer techniques for optimizing the packaged 1C 
thermal/electrical performance. The LM79LXX AC series, 
even when combined with a minimum output compen- 
sation capacitor of 0.1 ^F, exhibits an excellent transient 
response, a maximum line regulation of 0.07% Vo/V, 
and a maximum load regulation of 0.01% Vo/mA. 


The LM79LXXAC series also includes, as self-protection 
circuitry: safe operating area circuitry for output transis- 
tor power dissipation limiting, a temperature independent 
short circuit current limit for peak output current 
limiting, and a thermal shutdown circuit to prevent 
excessive junction temperature. Although designed pri- 
marily as fixed voltage regulators, these devices may be 
combined with simple external circuitry for boosted and / 

Typical Applications 


Voltage Regulators 
Negative Regulators 


or adjustable voltages and currents. The LM79LXXAC 
series is available in the 3-lead TO-92 package. 

For applications requiring other voltages, see LM137 
data sheet. 

Features 

■ Preset output voltage error is less than ±5% over load, 
line and temperature 

■ Specified at an output current of 100 mA 

■ Easily compensated with a small 0.1 juF output 
capacitor 

■ Internal short-circuit, thermal and safe operating area 
protection 

■ Easily adjustable to higher output voltages 

■ Maximum line regulation less than 0.07% Vout/V 

■ Maximum load regulation less than 0.01% VoUT/ m A 

■ TO-92 package 

Connection Diagram 



Fixed Output Regulator 


LM79LXXACZ 



-O “ v 0UT 


^Required if the regulator is located far from the power supply 
filter. A 1 juF aluminum electrolytic may be substituted. 
Required for stability. A 1 juF aluminum electrolytic may 
be substituted. 


Adjustable Output Regulator 



TO-92 Plastic Package (Z) 



Order Numbers 


LM79L05ACZ 
LM79L12ACZ 
UM79L15ACZ 
See NS Package Z03A 


-V 0 = — 5V - (5V/R1 + Iq) • R2, 
5V/R1 > 3 Iq 
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LM79LXXAC Series 


Absolute Maximum Ratings 


Input Voltage 


V G = — 5V, —12V and -15V 

-35V 

Internal Power Dissipation (Note 1) 

Internally Limited 

Operating Temperature -Range 

0°C to +70°C 

Maximum Junction Temperature 

+125°C 

Storage Temperature Range 

-55°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

300°C 


Electrical Characteristics (Note 2) Tj = 0°C to +125°C unless otherwise noted. 


OUTPUT VOLTAGE 

— 5V 

-12V 

-15V 


INPUT VOLTAGE (unless otherwise noted) 

-10V 

-17V 

-20V 

UNITS 

PARAMETER | 

CONDITIONS 

MIN TYP MAX 

■JJJJJKSZ^BEESJI 



v 0 

Output Voltage 

Tj = 25°C, lo= 100 mA 

-5.2 -5 -4.8 

-12.5 -12 -11.5 | 

-15.6 -15 -14.4 | 




1 mA < lo < 100 mA 







VMIN< V|N< vmax 


(-27<V|im<-14.8) 1 


V 



1 mA < lo < 40 mA 



-15.75 -14.25 




Vmin<Vin<Vmax 



(-30 < V|n<~17.5) 


AV 0 

Line Regulation 

Tj = 25°C, lo= 100 mA 

60 

45 

45 ' 

mV 



vmin< Vin< Vmax 

(-20 < V|N<-7.3) 

(“27 < V||\j < -14.6) • 

(-30 < V|fg;< 17.7) 

V 




60 

45 


mV 




(-20 < V|N 7) 

(—27 < V|js| < -14.5) 


V 

AVo 

Load Regulation 

Tj = 25°C, 

1 mA< lo< 100 mA 

50 

100 

125 

mV 



1 mA<l o <40 mA 

30 

50 

75- 

mV 

AV 0 

Long Term Stability 

lO = 100 mA 

20 

48 

60 


IQ 

Quiescent Current 

lO - 100 mA 

2 6 

2 6 

2 6 

mA 



Tj = 125°C, l 0 = 40 mA 

5.5 

5.5 

5.5 

mA 

AIq 

Quiescent Current Change 

1 mA< lo< 100 mA 

0.3 

0.3 

0.3 

mA 



1 mA < Iq < 40 mA 

0.1 

0.1 

0.1 



Iq = 100 mA 

0.25 

0.25 

,0.25 

■HKO| 




<-20<V|n<-7.5) 

(“27 < V|N<“14.8) 

(—30 < V |N <.— 18) 


V n 

Output Noise Voltage 

Tj = 25°C, lo= 100 mA, 

40 

96 

120 




f= 10 Hz -10 kHz ' 





AV ||\j 
AV 0 

Ripple Rejection 


50 

52 

50 

dB 


Input Voltage Required 

Tj = 25° C 






to Maintain' Line 

lO = 100 mA 

-7.3 

-14.6 

-17.7 



Regulation 

Iq = 40 mA 

-7.0 

-14.5 

-17.5 



Note 1: Thermal resistance, junction to ambient, of the TO-92 (Z) package is 180° C/W when mounted with 0.40 inch leads on a PC board, 
and 160° C/W when-mounted with 0.25 inch leads on a PC board. 

Note 2: To ensure constant junction temperature, low duty cycle pulse testing is used. 
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Typical Performance Characteristics 


Maximum Average Power 
Dissipation (TO-92) 



0 15 30 45 60 75 


Peak Output Current 



0 5 10 15 20 25 30 


T A - AMBIENT TEMPERATURE <°C) 


INPUT-OUTPUT DIFFERENTIAL (V) 


Dropout Voltage 



0 25 50 75 100 125 

Tj - JUNCTION TEMPERATURE (°C) 


Ripple Rejection 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Short Circuit Output 
Current 



0 -5 -10 -15 -20 -25 -30 -35 

INPUT VOLTAGE (V) 


Output Voltage vs. 
Temperature (Normalized 
to 1 V @ 25°C) 



0 25 50 75 100 125 


Tj - JUNCTION TEMPERATURE (°C) 


Quiescent Current 




INPUT VOLTAGE (V) 


Output Impedance 



Typical Applications (Continued) 

±15V, 100 mA Dual Power Supply 


V IN« - 1 

20V° J 

— * — Cl . 

LM78L15AC 

— 1 — C2 

— 1 i 0.01 pF 

aF 


y 

— ■ — C3 

■"1 0.33 aiF 


~~±° 

— C4 

— | — 0.01 pF 

-Vino— i— J 

20V w 

LM79L15AC 
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National 

Semiconductor 


Voltage Regulators 


LM79MXX Series 3-Terminal Negative Regulators 

General Description 


The LM79MXX series of 3-terminal regulators is available 
with fixed output voltages of — 5V, —12V, and —15V. 
These devices need only one external component— a 
compensation capacitor at the output. The LM79MXX 
series is packaged in the TO-202 power package and 
TO-5 metal can and is capable of supplying 0.5A of 
output current. 

These regulators employ internal current limiting safe 
area protection and thermal shutdown for protection 
against virtually all overload conditions. 

Low ground pin current of the LM79MXX series allows 
output voltage to be easily boosted above the preset 
value with a resistor divider. The low quiescent current 


drain of these devices with a specified maximum, change 
with line and load ensures good regulation in the voltage 
boosted mode. 

For applications requiring other voltages, see LM137 
data sheet. 

Features 

■ Thermal, short circuit and safe area protection 

■ High ripple rejection 

■ 0.5A output current 

■ 4% preset output voltage 


Typical Applications 


±15V, 1 Amp Tracking Regulators 



Performance (Typical) 


(-15) 

Load Regulation at 0.5A 40 mV 2 mV 

Output Ripple, C|(\| = 3000juF, 1 1 _ = 0.5A lOOpVrms lOOpVrms 

Temperature Stability 50 mV 50 mV 

Output Noise 10 Hz < f < 10 kHz 150juVrms 150juVrms 

•Resistor tolerance of R4 and R5 determine matching of (+) and (— ) outputs 
* 'Necessary only if raw supply filter capacitors are more than 3” from regulators 

Fixed Regulator 


(+15) 

2 mV 
lOOpVrms 
50 mV 
1 50juVrms 


Variable Output 



•Improves transient response and ripple rejection. 
Do not increase beyond 50/xF. 


v OUT = V SET 


Select R2 as follows: 

LM79M05CP 

LM79M12CP 

LM79M15CP 


Dual Trimmed Supply 



•Required if regulator is separated from filter capacitor by more than 3". 
For value given, capacitor must be solid tantalum. 25pF aluminum electro- 
lytic may be substituted. 

T Required for stability. For value given, capacitor must be solid tantalum. 
25pF aluminum electrolytic may be substituted. Values given may be 
increased without limit. 

For output capacitance in excess of 100/uF, a high current diode from 
input to output (1N4001, etc.) will protect the regulator from momentary 
input shorts. 
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LM79MXX Series 


Absolute Maximum Ratings 

Input Voltage 
(V 0 = 5V) 

(Vq = 12V and 15V) 

Input/Output Differential 
(Vq = 5V to 8V) 

(Vq = 12V and 15 V) 

Power Dissipation 

Operating Junction Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) ' 230°C 


Electrical Characteristics Conditions unless otherwise noted: IOUT = 350 mA, C|N = 2.2/*F, CoUT= I^F, 
0°C< Tj<+125°C 


PART NUMBER 

LM79M05C 

LM79M12C 

LM79M15C 


OUTPUT VOLTAGE 

- 5 V 

-12V 

-15V 


INPUT VOLTAGE (unless otherwise specified) 

-io\r 

-19V 

-23V 

UNITS 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 


Vq Output Voltage 

Tj = 25°C 

-4.8 -5.0 -5.2 

-11.5 -12.0 -12.5 

-14.4 -15.0 -15^6 

V 


5 mA < loUT ^ 350 mA 

-4.75 - 5.’25 

-11.4 -12.6 

-14.25 -15.75 

V 



( -25 < V, N < -7) 

(-27 < V| N < - 14.5) 

( -30 < V| N < -17.5) 

V 

AVq Line Regulation 

Tj = 25 °C, (Note 2) 

8 50 

5 80 

CJ1 

CO 

o 

mV 



(-25 < V|m<-7) 

(-30< V| N < -14.5) 

(-< V| N «-17.5) 

V 



2 30 

3 30 

3 50 

mV 



(-18 < V| N < -8) 

(-25 < V| N *£ -15) 

( -28 < V| N < -18) 

V 

AVq' Load Regulation 

Tj = 25 °C, (Note 2) 

5 mA < loUT ^ 0.5A 

30 100 

30 240 

30 240 

mV 

Iq Quiescent Current 

Tj = 25 °C 

1 2 

1.5 3 

1.5 3 

mA 

A/q Quiescent Current 

With Line 

0.4 

0.4 

0.4 

mA 

Change 

With Load, 

(-25 < V| N < -8). 

( -30 < V| N < -14.5) 

(-30< V|N < -27) 

V 


5 mA < Iqut ^ 350 mA 

0.4 

0.4 

0.4 

mA 

V n , Output Noise Voltage 

TA = 25 °C, 10 Hz < f < 100 Hz 

750 

400 

400 

mV 

Ripple Rejection 

f = 120 Hz 

‘ 

54 66 

54 70 

54 70 

dB 



t-18< V| N <-8) 

( -25 < V| N < -15) 

( -30 < V| N < -17.5) 

V 

Dropout Voltage _ 

Tj = 25 °C, l 0 UT = 0.5A 

1.1 

1.1 

1.1' 

V 

lOMAX Peak Output Current 

Tj = 25°C 

800 

800 

800 

A 

Average Temperature 

•OUT = 5 mA - 

0.4 

-0.8 

-1.0 

mV/°C 

Coefficient of 

Output Voltage 

0°C < Tj < 100°C 






Note 1: For calculations of junction temperature rise due to power dissipation, thermal resistance junction to ambient (0 ja) is 70°C/W (no 
heat sink) and 12°C/W (infinite heat sink). 

Note 2: Regulation is measured at a constant junction temperature by pulse testing with a low duty cycle. Changes in output voltage due to 
heating effects must be taken into account. 


25V 
-35 V 

25V 

30V 

Internally Limited 
0°Cto +125°C 
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Connection Diagrams 



INPUT 



OUTPUT 

INPUT 

GNO 


Metal Can Package TO-39 (H) 
Order Number: 

LM79M05CH 
LM79M12CH 
LM79M15CH 
See NS Package H03A 


Power Package TO-202 (P) 
Order Number: 

LM79M05CP 
LM79M12CP 
LM79M15CP 
See NS Package P03A 

For Tab Bend TO-202 
Order Number: 

LM79M05CP TB 
LM79M12CP TB 
LM79M15CP TB 
See NS Package P03E 
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REVERSE BREAKDOWN 
VOLTAGE 

Vr at Ir 

DEVICE 

VOLTAGE 

TOLERANCE 

MAX, T a = 25° C 

VOLTAGE TEMPERATURE 

DRIFT -ppm/°C MAX 
or mV MAX CHANGE OVER 

TEMPERATURE RANGE 

CURRENT RANGE, l R - 

DYNAMIC 

IMPEDANCE 

DRIFT 

(MAX) 

TEMPERATURE 

RANGE 

1.22 

LM113 

±5% 

100 (typ) 

-55°C to +1 25° C 

500 pA to 20 mA 

0.3ft 

1.22 

LM313 

±5% 

100 (typ) 

0°C to +70° C 

500 pA to 20 mA 

0.3ft 

1.22 

LM113-1 

±1% 

50 (typ) 

-55° C to +125°C 

500 pA to 20 mA 

0.3ft 

1.22 

LM113-2 

±2% 

50 (typ) 

-55° C to +125°C 

500 pA to 20 mA 

0.3ft 

2.49 

LM136 

±2% 

18 mV 

-55°C to +125°C 

400 pA to 10 mA 

0.2ft 

2.49 

LM136A 

±1% 

18 mV 

-55°C to +125°C 

400 pA to 10 mA 

0.2ft 

2.49 

LM236 

±2% 

9 mV 

-25° C to +85° C 

400 p A to 10 mA 

0.2ft 

2.49 

LM236A 

±1% 

. 9 mV 

-25° C to +85° C 

400 pA to 10 mA 

0.2ft 

2.49 

LM336 

±4% • ' 

6 mV 

0°C to +70° C 

400pAto10mA 

0.2ft 

2.49 

LM336B 

±2% 

6 mV 

0°C to +70° C 

400 pA to 10 mA 

0.2ft 

5.0 

LM136-5.0 

±2% 

36 mV 

~55°C to +1 25°C 

400 pA to 10 mA 

0.2ft 

5.0 

LM136A-5.0 

±1% 

36 mV 

-55° C to +125°C 

400 pA to 10 mA 

0.2ft 

5.0 v 

LM236-5.0 

±2% 

18 mV 

~25°C to +85°C 

400 pA to 10 mA 

0.2ft 

5.0 

LM236A-5.0 

±1% 

18 mV 

-25° C to +85° C 

400 pA to 10 mA 

0.2ft 

5.0 

LM336-5.0 

±4% 

12 mV 

0°C to +70° C 

400 p A to 10 mA 

0.2ft 

5.0 

LM336B-5.0 

±2% 

12 mV 

0°C to +70° C 

400 pA to 10 mA 

0.2ft 

6.90 

LM129A 

+3%, -2% 

10 

-55° C to +125°C 

0.6 mA to 15 mA 

0.6ft 

6.90 

LM129B 

+3%, -2% 

20 

-55° C to +125°C 

0.6 mA to 15 mA 

0.6ft 

6.90 

LM129C 

+3%, -2% 

50 

-55° C to +125° C 

0.6 mA to 15 mA 

0.6ft 

6.90 

LM329B 

±5% 

20 

0°C to +70° C 

0.6 mA to 15 mA 

0.8ft 

6.90 

LM329C 

' ±5% 

50 

0°C to +70° C 

0.6 mA to 15 mA 

0.8ft 

6.90 

LM329D 

±5% 

100 

0°C to +70° C 

0.6 mA to 15 mA 

0.8ft 

6.95 

LM199A 

+1%, -2% 

0.5 

-55° C to +85° C 

0.5 mA to 10 mA 

0.5ft 

6.95 

LM199A 

+1%, -2% 

10 

85°C to +125°C 

0.5 mA to 10 mA 

0.5ft 

, 6.95 

LM199 

+1%. -2% 

1 

-55° C to +85° C 

0.5 mA to 10 mA 

0.5ft 

6.95 

LM199 

+1%, -2% 

15 

85°C to +125°C 

0.5 mA to 10 mA 

0.5ft 

6.95 

LM299A 

+1%, -2% 

0.5 

-25° C to +85° C 

0.5 mA to 10 mA 

0.5ft 

6.95 

LM299 

+1%, -2% - . • 

1 - 

*-25°C to +85°C 

0.5 mA to 10 mA 

0.5ft 

6.95 

LM399A 

±5% 

1 

0°C to +70° C 

0.5 mA to 10 mA 

0.5ft 

6.95 

LM399 

±5% 

2 

0°C to +70° C 

0.5 mA to 10 mA 

0.5ft 

6.95 

LM3999 

±5% 

5 

0°C to +70° C 

0.6 mA to 10 mA 

0.6ft 

10.00 

LH0070-0 

0.1% 

20 mV 

-25°C to +85° C 

0 mA to 20 mA 

0.2ft 

10.00 

LH0070-1 

o:i% 

10 mV 

-25° C to +85° C 

0 mA to 20 mA 

0.2ft 

10.00 

LH0070-2 

0.05% 

4 mV 

— 25°C to +85° C 

0 mA to 20 mA 

0.2ft 

10.24 

LH0071-0 

0.1% 

20 mV 

-25° C to +85° C 

0 mA to 20 mA 

0.2ft 

10.24 

LH0071-1 

0.1% 

10 mV 

-25°C to +85° C ' 

0 mA to 20 mA 

0.2ft 

10.24 

LH0071-2 

0.05% 

4 mV 

— 25°C to +85° C 

0 mA to 20 mA 

0.2ft 


hJ 


apmo eouaj0|ey d6ei|OA 
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VOLTAGE REFERENCES 


REVERSE BREAKDOWN 
VOLTAGE 

Vr at Ir 

DEVICE 

VOLTAGE 

TOLERANCE 

MAX, T a = 25° C 

VOLTAGE TEMPERATURE 

DRIFT — ppm/°C MAX 
or mV MAX CHANGE OVER 

TEMPERATURE RANGE 

CURRENT RANGE, Ir 

DYNAMIC 

IMPEDANCE 

DRIFT 

(MAX) 

TEMPERATURE 

RANGE 

LOW CURRENT ZENER DIODES 

1.8 

LM103 

±10% 

-5 mV/°C (typ) 

-55° C to +125°C 

10 pA to 10 mA 

15ft 

2.0 

LM103 

±10% 

-5 mV/°C (typ) 

-55° C to +1^5°C 

10 juA to 10 mA 

15ft 

2.2 

LM103 

±10% 

-5 mV/°C (typ) 

-55°C to +125°C 

10 pA to 10 mA 

15ft 

2.4 

LM103 

±10% 

—5 mV/°C (typ) 

-55°C to +125°C 

10 ^ A to 10 mA 

15ft 

2.7 

LM 1 03 

±10% 

-5 mV/°C (typ) 

-55° C to +125°C 

10 jl/A to 10 mA 

15ft 

3.0 

LM103 

±10% 

-5 mV/°C (typ) 

-55°C to +125°C 

10 juA to 10 mA 

15ft 

3.3 

LM103 

±10% 

-5 mV/°C (typ) 

-55° C to +125°C 

IOjl/A to 10 mA 

-15ft 

3.6 

LM103 

±10% 

-5 mV/°C (typ) 

~55°C to +125°C 

10 juA to 10 mA 

15ft 

3.9 

LM103 

±10% 

-5 mV/°C (typ) 

-55°C to +125°C 

10 jl/A to 10 mA 

15ft 

4.3 

LM103 

±10% 

-5 mV/°C (typ) 

-55° C to +125°C 

10 jliA to 10 mA 

15ft 

4.7 

LM103 

±10% 

-5 mV/°C (typ) 

-55°C to +125°C 

10 jl/A to 10 mA 

15ft 

5.1 . 

LM103 

±10% 

-5 mV/°C (typ) 

-55° C to +125°C 

10 jliA to 10 mA 

15ft 

5.6 

LM103 

±10% 

-5 mV/°C (typ) 

-55°C to +125°C 

10 juA to 10 mA 

15ft 


PRECISION REFERENCES 


Function 

Features 

Line 

Reg 

Load 

Reg 

•out 

(mA) 

V OUT 

Toler. 

@25°C 

(Max) 

Drift 

(Max) 

Part Number 

* * 

Page 

Number 

-55°C to 
125 °C 

-2§°C to 
85 °C 

10.000 V Precision BCD 

Reference 

Three-terminal buffered zener 
reference, 0.1 Q output, 

12.5 to 40V input, IOOjjV p-p 
noise 

0.02% 

0.02% 

0.02% 

0.01% 

0.02% 

0.02% 

0-5 

0.1% 
0.1% 
0.05% ■ 

20 mV* 
lOmV 

4 mV 

LH0070-0 

LH0070-1 

LH0070-2 

■ 

D 

10.024 V Precision Binary 
Reference 

0.02% 

• 0.02% 
0.02% 

0.01% 

0.02% 

0.02% 

0-5 

0.1% 

0.1% 

0.05% 

20 mV* 
lOmV 

4 mV 

LH0071-0 

LH0071-1 

LH0071-2 

■ 

H 

6.95V Temperature Stabilized 
Reference 

Thermostated two-terminal 
zener, 0.5 Q low noise 


0.1% 

0.5-10 

+ 1%, 
-2% 

15mV 

1 mV 

LM199A 

LM299A 

7-23 

6.9 V Reference 

Low noise subsurface zener 

0.8 Q 



6-15 

,5% 

7 to 

35 mV 

LM129 


7-18 - 


‘These specifications apply for -25°C to +85 °C. 

** Refers to Special Functions Databook, 1979 edition 











































yTM National Voltage References 

JtSi Semiconductor 

LH0070 Series Precision BCD Buffered Reference 
LH0071 Series Precision Binary Buffered Reference 
General Description 


The LH0070 and LH0071 are precision, three terminal, 
voltage references consisting of a temperature compen- 
sated zener diode driven by a current regulator and a 
buffer amplifier. The devices provide an accurate refer- 
ence that is virtually independent of input voltage, load 
current, temperature and time. The LH0070 has a 
10.000V nominal output to provide equal step sizes in 
BCD applications. The LH0071 has a 10.240V nominal 
output to provide equal step sizes in binary applications. 

The output voltage is established by trimming ultra- 
stable, low temperature drift, thin film resistors under 
actual operating circuit conditions. The devices are short- 
circuit proof in both the current sourcing and sinking 
directions. 

The LH0070 and LH0071 series combine excellent 
long' term stability, ease of application, and low cost, 


making them ideal choices as reference voltages in 
precision D to A and A to D systems. 


Features 

■ Accurate output voltage 

■ LH0070 10V ±0.01% 

LH0071 10.24V ±0.01% 

■ Single supply operation 12.5V to 40V 

■ Low output impedance 0.1 £2 

■ Excellent line regulation 0.1 mV/V 

■ Low zener noise lOOjuVp-p 

■ 3-lead TO-5 (pin compatible with the LM109) 

■ Short circuit proof 

■ Low standby current 3 mA 


Equivalent Schematic 


Connection Diagram 



TO-39 Metal Can Package 


BOTTOM VIEW 

Order Number LH0070-1H, LH0071-1H, 
LH0070-2H or LH0071-2H 
See NS Package H03A 


Typical Applications 




LH0070, 

1 0 


LH0071 


R1 

3 

RZ 1 1 

3 

/VA/ 


& 


Statistical Voltage Standard 


Note. The output of the LH0070 and LH0071 
may be adjusted to a precise voltage by using 
the above circuit since the supply current of 
the devices is relatively small and constant 
with temperature and input voltage. For the 
circuit shown, supply sensitivities are degraded 
slightly to 0.01 %/V change in VquT * or 
changes in V | (\| and V~. 

An additional temperature drift of 0.0001%/ 
°C is added due to the variation of supply 
current with temperature of the LH0070 and 
LH0071. Sensitivity to the value of R1, R2 
and R3 is less than 0.001%/%. 

^Output Voltage Fine Adjustment 
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LH0070 Series, LH0071 Series 


Absolute Maximum Ratings 


Supply Voltage 

Power Dissipation (See Curve) 

Short Circuit Duration 

Output Current 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


40V 
600 mW 
Continuous 
±20 mA 
-55° C to +1 25° C 
-65°C to +150°C 
300° C 


Electrical Characteristics (Note 1) 


Output Voltage 
LH0070 
LH0071 

Output Accuracy 
- 0 , -1 
-2 

Output Accuracy 
, - 0 , -1 - 
-2 

Output Voltage Change With 
Temperature 

-o 

-1 

-2 

Line Regulation 
- 0 , -1 
-2 

Input Voltage Range 
Load Regulatipn 
Quiescent Current 
Change In Quiescent Current 
Output Noise Voltage 
Ripple Rejection 
Output Resistance 

Long Term Stability 
- 0 , -1 
-2 


CONDITIONS 

MIN 

TYP 

MAX 

Ta=25°C 


10.000 

'' - 



10.240 


T A = 25°C 


±0.03 

±0.1 



±0.02 

±0.05 




±0*.3 




±0.2 

* (Note 2) 



± 0.2 



±0.02 

± 0.1 



±0.01 

±0.04 

13V < V||\| < 33V, T C = 25° C 


0.02 

0.1 



0.01 

0.03 


12.5 


40. 

0 mA < loUT < 5 mA 


0.01 

0.03 

13V < V||\| < 33V, loUT = 0 m A 

2 

3 

5 

AV|n = 20V From 13V To 33V 


0.75 

1.5 

BW = 0.1 Hz To 10 Hz, Ta = 25°C 


20 


f = 120 Hz 


0.01 




0.2 

1 

Ta = 25°C, (Note 3) 



±0.2 




±0.05 


Note 1: Unless otherwise specified, these specifications apply for V||\j = 15.0V, Rj_ = 10 kft, and over the temperature range of-55°C < T/\ < 
+125° C. 

Note 2: This specification is the difference in output voltage measured at T^ = 85°C and T/\ = 25°C or T/\ = 25°C and Ta = — 25° C with readings 
taken after test chamber and device-under-test stabilization at temperature using a suitable precision voltmeter. 

Note 3: This parameter is guaranteed by design and not tested. 














Typical Performance Characteristics 


Maximum Power Dissipation 



0 25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 


Quiescent Current vs Input 
Voltage 



0 5 10 15 20 25 30 35 

INPUT VOLTAGE (V) 


Normalized Output Voltage 
vs Temperature 



-50 -25 0 25 50 75 100 125 

CASE TEMPERATURE (°C) 


Step Load Response 


Output Short Circuit 
Characteristics 



TIME (ps) 


OUTPUT CURRENT (mA) 


Noise Voltage 



BW = 0.1 Hz TO 10 Hz 


Typical Applications (Continued) 
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LH0070 Series, LH0071 Series 


Typical Applications (Continued) 
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National 

Semiconductor 


Voltage References 


LH0075 Positive Precision Programmable Regulator 


General Description 

The LH0075 is a precision programmable regulator for 
positive voltages. Regulated output voltages from 0 to 
27V may be obtained using one external resistor. Also 
available without any external components are several 
fixed regulated voltages with accuracies to 0.1% (5V, 
6V f 10V, 12V and 15V). The output current limit is 
adjustable from 0 to 200 mA using two external resistors. 
These features provide an inventory of precision regulated 
values in one package. 

Schematic Diagram 


Features 

■ Output adjustable to 0V 

■ Line regulation typically 0.008%/V 

■ Load regulation typically 0.075% 

■ Remote voltage sensing 

■ Ripple rejection of 80 dB 

■ Adjustable precision current limit 

■ Output currents to 200 mA 

■ Popular voltages available without external resistors 



Connection Diagram 


Typical Applications 


TO-8 Metal Can Package 
'SENSE 


Precision 15V Reference Supply without Current Limit 


Zp © Q\> e 

Ai) ©\ 

“© ©+-VC 

vOD (jo)/ 

V© © O/ Vsense 


1 1 LH0075 ( 7 


0 (EXT PROGRAMMING V-X ) 

resistor pin) order Number L__ 1 

’V'evv LH0075G 

Case is electrically isolated LH0075CG 

See Package HI 2B ’Needed if device is far from filter capacitors 
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LH0075 


Absolute Maximum Ratings 

Input Voltage 32V 

Output Voltage 27V 

Output Current 200 mA 

Power Dissipation See Curve 

Operating Temperature Range Tmin T MAX 

LH0075 -55° C to +125°C 

LH0075C 0°C to +70° C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics Unless otherwise specified conditions are for T(\/|| |\| < T/\ < Tmax 


PARAMETER 

CONDITIONS 

| LH0075 

j LH0075C | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Line Regulation 

TA = 25"C 


0.008 

0.02 


0.008 

0.04 

%/V 

Load Regulation 

T/\ = 25°C, 1 mA < IlOAD < 200 mA 
V 0 UT<5V 


2.5 

7.5 


2.5 

15 

mV 


V 0 UT>5V 


0.055 

0.15 


0.055 

0.3 

% • 

Reference Current ( 1 R E F ) 

T A = 25°C, V||\| = 15V 

0.998 

1.000 

1.002 

0.995 

1.00 

1.005 

mA 

Load Regulation 

1 mA < 1 LOAD < 200 m A 

V 0 UT<5V 


4 

15 


4 

25 

mV 


VdUT > 5V 


0.075 

0.3 


.0.075 

0.5 

% 

Reference Current Drift 

V| N = 15V 


_ -0.0065 



-0.0065 


%rc 

(AlREF/AT em P) 









Minimum Load Currentft L)M ) 

(Note 1) 

98 

100 

102 

95 

100 

105 

, PA 

Output Voltage Range 


0 


27 

0 


27 

V 

Minimum Input Voltage 


8 



8 



V 

Input-Output Differential 

Voltage 

Ta = 25 C, 1 mA < IlOAD <• 200 mA 


3.0 

3.2. 


3.0 

3.5 

V 

Quiescent Supply Current 



6 

6.5 


6.5 

8 

mA 

Ripple Rejection 

VOUT = 5V. f = 120 Hz 


65 



65 


dB 


CREF = 2.2 fiF 


80 



80 


dB 

Initial Output Voltage 

Tolerance 

(Note 2) 


*0.1 

.10.5 


±0.1 

±1.0 

1 

% 

Output Voltage Change 
with Temperature 

(AVouT/-^ T emp) 

(Note 3) 


0.003 



0.003 


%/°C 


Note 1: Minimum load current is established by IlIM' the current from Q4. (See schematic). Ium goes directly to the output if the current 
limit feature is used. 

Note 2: For V|fyj = 15V and Vquj obtained by using R5, R6, R7 and R12 individually. 

Note 3: Total change over specified temperature range. 



IPUT VOLTAGE OUTPUT VOLTAGE LOAD CURRENT OUTPUT VOLTAGE 

CHANGE (V) DEVIATION (mV) (mA) CHANGE (V) OUTPUT VOLTAGE CHANGE (%) POWER DISSIPATION (W) 



LH0075 








Typical Applications (Continued) 


2A Regulator with Current Limit 



Variable Voltage Reference with Current Limit 




r ^ 

LH0075 

U J 


Needed if device is far from filter capacitors 
^Optional— improves transient response 


•OUT(MAX) 


Rlimit . 

= + 1 5 

Rsense 


l nilT <200 mA 


Applications Information 


The LH0075 does not require capacitors for stable 
operation, but an input bypass is recommended if device 


is far from filter capacitors. A 0.1 jjlF for input bypassing 
should be adequate for almost all applications. 







Applications Information (Continued) 

DESCRIPTION OF OPTIONS 

Ripple Rejection Compensation. (Increases Ripple Re- 
jection Typically to 80 dB) 

The ripple rejection may be improved by connecting an 
external capacitor between pin 9 and ground. (The 
typical performance curves show the rejection with a 
capacitance of 2.2 /uFd.) 


Since a current source is used as a reference, this makes 
remote voltage programming possible. 

Current Limit Programming 

The maximum current output of the device may be 
limited by adding two external resistors as shown below. 
The resistor values are easily calculated with the 
following equation: 


Internal Voltage Programming 

The LH0075 provides various precision output voltages 
simply by using one or more of the internal resistors. 
A particular voltage may be obtained by external con- . 
nections as shown in Table I. 



R5, R6, R7 and R12 are 
precision-trimmed to 0.1%. 


FIGURE 1 

External Voltage Programming 


An external resistance can be connected between pin 9 
and ground to obtain any voltage from 0 to 27V using 
the following equation: 


r EXT = 


VoUT Desired 
1 mA 


The reference current (Iref) has-a typical temperature 
coefficient of —65 ppm/°C. Choosing a resistive material 
with a temperature coefficient of 65 ppm/°C will com- 
pensate the negative temperature coefficient, resulting 
in an output voltage with minimal change over the 
operating temperature range. Example of a good resistive 
material is Nichrome, which has a typical temperature 
coefficient of 80 ppm/°C. 


lOUT(MAX) = 


r LIMIT 

Rsense 


x 100/iA 


where R SENSE = 1 to 10f2 



FIGURE 2. Current Limit Programming 

This programmable current limit feature can be extended 
to make the LH0075 a programmable constant current 
source. This can be done by leaving pin 9 open and 
setting RlIMIT and R SENSE as desired. 

For applications where the current limit is used, a 
minimum load current of 100 fiA is established at the 
output. This arises > from the fact that the constant 
current used in setting maximum output current is 
100 juA, and.it goes directly to the output of the 
LH0075. If the total current drawn from the output is 
less than the minimum, the output will rise. 

As in the remote voltage adjustment application, remote 
current sensing can be applied similarly. RSENSE must 
be placed as close to the output of the LH0075 as possi- 
ble, but RlIMIT can be a fixed resistor or potentiometer 
located remotely from the device. 


TABLE I. Connection Scheme for Internal Available Output Voltages 


OUTPUT 
VOLTAGE (V) 

PIN 5 

PIN 6 

PIN 7 

PIN 8 

PIN 9 

5 



Gnd 



6 




• 



8 

• 

; 






10 


Gnd 

• 




12 

Gnd 


• 




15 


Gnd 




18 

• 


• 

. 




♦ 
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LH0075 




LH0076 



National 

Semiconductor 


Voltage References 


LH0076 Negative Precision Programmable Regulator 

General Description Features 

The LH0076 is a precision programmable regulator for 
negative voltages. Regulated output voltages from 0 to 
—27 V may be, obtained by using 1 external resistor. 

Also available without any external components are 
several fixed regulated voltages with accuracies to 0.1% 

(-3V, — 5V, — 6V, — 8V, — 9V, -12V, -15V and -18V). 

The output current limit is adjustable from 0 to 200 mA 
using 2 external resistors. These features provide an 
inventory of precision regulated values in 1 package. 


■ Line regulation typically 0.005%/V 

■ Load regulation typically 0.02% 

■ Remote voltage sensing 

■ Ripple rejection-70 dB 

■ Output Adjustable to 0V 

■ Adjustable precision current limit 

■ Output current to 200 mA 


Schematic Diagram 


t R8 

6 5k 7 



Connection Diagram 


Metal Can Package 

c 

'SENSE 



Case is electrically isolated 


l REF (EXTERNAL 
PROGRAMMING 
RESISTOR PIN) 

Order Number 
LH0076G 
LH0076CG 
See Package H12B 


Typical Application 


Precision - 15V Reference Supply without Current Limit 
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Absolute Maximum Ratings 








Input Voltage 


-32V 







Output Voltage 


, -27 V 







Output Current 


200 mA 







Power Dissipation 

See Curve 







Operating Temperature 









LH0076 

-55°C to +125°C 







LH0076C 

-25°C to +85°C 







Storage Temperature 

-65° C to +150°C 







Lead Temperature (Soldering, 10 seconds) 

300° C 







Electrical Characteristics Conditions are for T|\/|IN<Ta<T|\/|AX unless otherwise specified. 




CONDITIONS 

LH0076 

LH0076C 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

1 o 

Line Regulation 

T A = 25° C 


0.005 

0.02 


0.005 

0.04 

%/V 

Load Regulation 

Ta = 25°C, 1 mA < IlOAD < 200 mA 









VOUT > -5V 



7.5 



15 

mV 


V0UT<-5V 


0.02 

0.15 


0.02 

0.3 

% 

Reference Current (IreF> 

T A = 25° C, V|N = -15V 

0.998 

1.000 

1.002 

0.995 

1.000 

1.005 

mA 

Reference Current Drift (AiREp/ 

V|n = -15V 


-0.0065 



-0.0065 


%/°C 

ATemp) 









Minimum Load Current OlIM) 

(Note 1) 

98 

100 

102 

95 

100 

105 

At A 

Output Voltage Range 


0 


-27 

0 


-27 

V 

Minimum Input Voltage 


-8 



-8 



V 

Input -Output Differential Voltage 

Ta = 25° C, 1 mA < IlOAD < 200 mA 


2.7 

3.2 


2.7 

3.5 

V 

Quiescent Supply Current 



9 

10 


9 

1 1 

mA 

Ripple Rejection 

VOUT = -5V,f= 120 Hz 


70 



70 


dB 

Initial Output Voltage Tolerance 

T A = 25°C, (Note 2) 


+0.1 

±0.5 


+ 0.1 

±1.0 

% 

Output Voltage Change with 

(Note 3) 


0.003 



0.003 


%/°C 

Temperature 









Notel: Minimum load current is established by lijM, the currant to Q2 (see schematic). 1 iimit draws directly from the output if current limit 

feature is used. 









Note 2: For V||\j = —15V and Vqut obtained by using R4, R5, R6 and R8 individually. 






Note 3: Total change over specified temperature range. 
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LH0076 



Typical Performance Characteristics 


Maximum Power Dissipation 



) 25 50 75 100 125 150 

TEMPERATURE (°C) 


Reference Current Change with 
Temperature (Normalized) 






VI 

— 

N— 1 

5V 























REFERENCE^ 

S 








N 

N 









-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Temperature Stability 






~vjf 

r -1 

5V 


















1 1 

^INTERNAL 






. ^external 

Nj (ZTC) 














-50 -25 ,0 25 50 75 100 125 

TEMPERATURE ( C) 


Output Voltage Change with 
Temperature (Normalized) 



50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 


Current Limit 



-50 -25 0 25 50 75 100 125 

TEMPERATURE ( U C) 


Input-Output Differential 
Voltage 



-50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 


Load Transient Response 
(Voltage Mode) 



0 20 40 60 

TIME (ns) 


Load Transient Response 
(Current Mode) 



20 40 60 80 100 

TIME (ms) 


Line Transient Response 


aorass 



100 200 300 400 

TIME (ms) 


Quiescent Input Current 













25° C 

■■ 

MWA 



5=* 


125°C 
-55” C — 

_ 1 

MX/1 







wm 







VIM 







rjK 








10 -20 -30 -40 

INPUT VOLTAGE (V) 


Ripple Rejection 


v tN = -iav 

100 — loUT = 200 mA 

V 0 UT = -5V 


Output Impedance 


10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hr) 


, , 

V IN = -15V 

VmiT = — 5V 




'L 

= 100 n 

lA 








7 





y 

T 















100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


2 







Typical Application (Continued) 

Variable Voltage Reference with Current Limit 



2-Amp Regulator with Current Limit 



*Recommended if device is far from filter capacitors 


Application Information 

The LH0076 does not require external capacitors for 
stable operation. However, an input bypass is recom- 
mended if the device is far from filter capacitors. A 
0.1 fiF for input bypassing should be adequate for 
most applications. 

DESCRIPTION OF OPTIONS 
External Voltage Programming 

An external resistance can be connected between pin 10 
and ground to obtain any voltage from 0 to —27V using 
the following equation: 


VquT desired 


The reference current (Iref) has a typical temperature 
coefficient of —60 ppm/°C. Choosing a resistive material 
with a temperature coefficient of 60 ppm/°C will com- 
pensate the negative tempco of the reference current, 
resulting in an output voltage with minimal change over 
the operating temperature range. Example of a good 
resistive material is nichrome, which has a typical 
tempco of 80 ppm/°C. Nichrome is the resistive material 
used in the LH0076, resulting in output voltage drift 
of 20 ppm/°C typically. 
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LH0076 




LH0076 


Application Information (Continued) 


Because a current source is used as a reference, remote 
voltage programming is possible. 

Internal Voltage Programming 

The LH0076 provides various precision output voltages 
simply by using 1 or more of the internal programming 
resistors. These voltages may be obtained by using the 
connections as shown in Table I. 

RjOTAL ' s t h e total resistance between pin 10 and ground 



R4, R5, R6 and R8 are precision trimmed to 0.1% 

FIGURE 1 


n SENSE 



For applications where the current limit is . used, a 
minimum load current of 100 juA is established at the 
output. This arises from the fact that the constant 
current used in setting maximum output current is 
100 juA, and it comes directly from the output of the 
LH0076. If the total load current is less than this mini- 
mum current, the output will drop. 

As in the remote voltage adjustment application, remote 
current sensing can be applied similarly. RsENSE 
should be placed as close to the output of the LH0076 
as possible, but R LIMIT can be a resistor or potentio- 
meter located remotely from the device. 


Current Limit Programming 


The maximum current output of the device may be 
limited by adding 2 external resistors as shown in 
Figure 2. The resistor values are calculated using the 
following equation: 


•OUT(MAX) = 


Rlimit + 1 
Rsense 


x 100 /iA 


where RsENSE - 1 to 10ft 

This programming current limit feature can be extended 
to make the LH0076 a programmable current sink. This 
can be done by leaving pin 10 open and setting RuMIT 
and RSENSE as desired. (See Figure 3). 



FIGURE 3. Precision Current Sink 


JTABLE I. Connection Scheme for Internally Available Output Voltages 


OUTPUT 
VOLTAGE (V) 

PIN 1 

PIN 2 

PIN 7 

PIN 10 

PIN 11 

-3 





Gnd 

-5 



• 




-6 

•' 

Gnd 


• 


-8 



• 




-9, 

Gnd 



• 

• 

-12 

Gnd 





-15 


Gnd 


• 

— • 

-18 


Gnd 


1 
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National 

Semiconductor 


Voltage References 


LM103 Reference Diode” 

General Description 

The LM103 is a two-terminal monolithic reference 
diode electrically equivalent to a breakdown diode. 
The device makes use of the reverse punch-through 
of double-diffused transistors, combined with ac- 
tive circuitry, to produce a breakdown character- 
istic which is ten times sharper than single-junction 
zener diodes at low voltages. Breakdown voltages 
from 1.8V to 5.6V are available; and, although the 
design is optimized for operation between lOO^uA 
and 1 mA, it is completely specified from 10 fiA to 
10 mA. Noteworthy features of the device are: 

• .Exceptionally sharp breakdown 

• Low dynamic impedance from 10 /iA to 10 mA 


• Performance guaranteed over full military tem- 
perature range 

• Planar, passivated junctions for stable operation 

• Low capacitance. 

The LM103, packaged in a hermetically sealed, 
modified TO-46 header is useful in a wide range of 
circuit applications from level shifting to simple 
voltage regulation. It can also be employed with 
operational amplifiers in producing breakpoints to 
generate nonlinear transfer functions. Finally, its 
unique characteristics recommend it as a reference 
element in low voltage power supplies with input 
voltages down to 4V. 


Schematic and Connection Diagrams 

Metal Can Package 




Note: Pin 2 connected to case. 


TOP VIEW 


Order Number LM103H 
See NS Package H02A 


Typical Applications 


Saturating Servo Preamplifier 200 mA Positive Regulator 

with Rate Feedback 



**Covered by U.S. Patent Number 3,571,630 
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LM103 



LM103 


Absolute Maximum Ratings 

V 



Power Dissipation (note T) 

Reverse Current 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (soldering, 60 sec) 

250 mW 

20 mA 

100 mA 
-55° C to 125°C 
-65° C to 150°C 

300° C 





Electrical Characteristics (Note d 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Reverse Breakdown Voltage Change 

10mA<I r <100 iifK 


60 

120 

mV 


100mA<I r <1 mA 


15 

50 

mV 


1 mA< l R <10 mA 


50 

150 

.mV 

Reverse Dynamic Impedance (Note 3) 

1 R = 3 mA 


5 

25 

a . 


1 R = 0.3 mA 


15 

60 

12 

. Reverse Leakage Current 

V R = V z -0.2V 


2 

5 

fiA 

Forward Voltage Drop 

l F = 10 mA 

0.7 

0.8 

1.0 

V 

Peak-to-Peak Broadband Noise Voltage 

10 Hz<f< 100 kHz, l R = 1 mA 


300 


mV 

Reverse Breakdown Voltage Change 
with Current (Note 4) 

1 0 /i A < 1 R <100 juA 

100 /iA< l R < 1 mA 



200 

60 

mV 

mV 


1 mA < 1 R <10 m A 



200 

mV 

Breakdown Voltage Temperature 
Coefficient (Note 4) 

\ 

100/iA<l B < 1 mA 


-5.0 


mV/° C 

( ( ! ' 

Note 1: For operating at elevated temperatures, the device must be derated based on a 1 50° C maximum junction temperature 
and a thermal resistance of 80° C/W junction to case or 440° C/W junction to ambient (see curve). 

Note 2: These specifications apply for T/\ = 25°C and 1.8V < V 2 < 5.6V unless stated otherwise. The diode should not be 
operated with shunt capacitances between 100 pF and 0.01 mF, unless isolated by at least a 300ft resistor, as it may oscillate at 
some currents. 

Note 3: Measured with the peak-to peak change of reverse current equal to 10% of the DC reverse current. 

Note4: These specifications apply for -55° C < T/\ < +125° C. 
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Guaranteed Reverse Characteristics 


- 2.4V < V 2 < 5 GV - 

- T a = -55*C 


|-24V< V 2 <56V- 
i T a = 25* C 




REVERSE CURRENT (mA) 


REVERSE CURRENT (mA) 


Typical Performance Characteristics 

Reverse Characteristics Reverse Dynamic Impedance 



1 

LM 103-3.0 

1 

i 

i 

i 

1 





■ 

_i 

10~ 5 



I j 

• 

« 

i 




/] 

/ 

* -55°C 

10 -7 

125°C _ 


V 


in -8 


25"Ci 

r« 

u 



Xm- 


12 3 4 

REVERSE VOLTAGE (V) 


Forward Characteristics 


001 0.1 10 10 
REVERSE CURRENT (mA) 


Response Time 



o L-typicalH — 


' L^T MAXIMUM 



0 01 0.1 1.0 

REVERSE CURRENT (mA) 


Temperature Drift 



-75 -25 25 75 

TEMPERATURE (°C) 


Maximum Power Dissipati 


kmiMIII 





FORWARD CURRENT (mA) 

TIME (ms) 

AMBIENT TEMPERATURE <°C) 

BREAKDOWN 

PART 


VOLTAGE* 

NUMBER 


1.8 

LM103H-1 .8 


2.0 

LM 103H-2.0 


2.2 

LM 103H-2.2 


2.4 

LM 103H-2.4 


2.7 

LM103H-2.7 


3.0 

LM103H-3.0 


3.3 

LM103H-3.3 


3.6 

LM103H-3.6 


3.9 

LM103H-3.9 


4.3 

LM103H-4.3 


4.7 

LM 1 03H-4.7 


5.1 

LM103H-5.1 

*Measured at l R = 1 mA. 

5.6 

LM103H-5.6 

Standard tolerance is ±10%, 






LM113/LM313 



National 

Semiconductor 


Voltage References 


LM113/LM313 Reference Diode 


General Description 

The LM113/LM313 are temperature compensated, 
low voltage reference diodes. They feature ex- 
tremely-tight regulation over a wide range of 
operating currents in addition to an unusually-low 
breakdown voltage and good temperature stability. 

The diodes are synthesized using transistors and 
resistors in a monolithic integrated circuit. As such, 
they have the same low noise and long term 
stability as modern 1C op amps. Further, output 
voltage of the reference depends only on highly- 
predictable properties of components in the 1C; 
so they can be manufactured and supplied to tight 
tolerances. Outstanding features include: 

■ Low breakdown voltage: 1.220V 


■ Dynamic impedance of 0.3S2 from 500 /iA to 
20 mA 

■ Temperature stability typically 1% over -55°C 
to 125°C range (LM113), 0°Cto 70°C (LM313) 

■ Tight tolerance: ±5% standard; ±2% and ±1% 
on special order. 

The characteristics of this reference recommend it 
for use in bias-regulation circuitry, in low-voltage 
power supplies or in battery powered equipment. 
The fact that the breakdown voltage is equal to a 
physical property of silicon— the energy-band-gap 
voltage— makes it useful for many temperature- 
compensation and temperature-measurement 
functions. 



Metal Can Package 



Note: Pin 2 connected to case.. 

TOP VIEW . 

Order Number LM113H or LM313H 
See NS Package H02A 


Typical Applications 

Level Detector for Photodiode Low Voltage Regulator , 

' V| N >3V , 
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Absolute Maximum Ratings 

Power Dissipation (Note .1) lOOmW 

Reverse Current 50 mA 

Forward Current 50 mA 

Storage Temperature Range -65° C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (Note 2) 


Operating Conditions 


Temperature (T A ) 

MIN 

MAX 

UNITS 

LM113 

-55 

+125 

°C 

LM313 

0 ■ 

70 

°c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reverse Breakdown Voltage 






LM113/LM313 

Ip = 1 mA 

1.160 

1.220 

1.280 

V 

LM113-1 

1.210 

1.22 

1.232 

V 

LM113-2 


1.195 

1.22 

1.245 

V 

Reverse Breakdown Voltage 

0.5 mA < l R < 20 mA 


6.0 

15 

mV 

Change 









0.2 

1.0 

52 

Reverse Dynamic Impedance 

l R = 10 mA 


0.25 

0.8 

52 

Forward Voltage Drop 

l F = 1.0 mA 


0.67 

1.0 , 

V 


10 Hz < f < 10kHz 




mV 

RMS Noise Voltage 

l R = 1 mA 


5 


Reverse Breakdown Voltage 

0.5 mA< l R < 10 mA 



15 

mV 

Change with Current 

Tmin <T a <T max 



Breakdown Voltage Temperature 

1.0 m A < l R < 10 mA 


0.01 


%/°c 

Coefficient 

T"min < T a < T max 


i 

: 


Notel: For operating at elevated temperatures, the device must be derated based on a 150°C 
maximum junction and a thermal resistance of 80°C/W junction to case or 440°C/W junction to 
ambient. 

Note 2: These specifications apply for T A = 25°C, unless stated otherwise. At high currents, 
breakdown voltage should be measured with lead lengths less than 1/4 inch. Kelvin contact sockets are 
also recommended. The diode should not be operated with shunt capacitances between 200 pF and 
0.1 /iF, unless isolated by at least a 100 Q. resistor, as it may oscillate at some currents . 

Typical Performance Characteristics 


Temperature Drift 



-55 -3$ -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Reverse Dynamic Impedance 



0.3 1 3 10 30 

REVERSE CURRENT (mA) 



0.3 1 3 10 30 

REVERSE CURRENT (mA) 
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LM113/LM313 



LM113/LM313 


Typical Performance Characteristics (Continued) 


Reverse Characteristics 


Reverse Dynamic Impedance 



0.2 0.4 0.6 0.8 1.0 1.2 1.4 

REVERSE VOLTAGE (V) 



FREQUENCY (Hz) 


Noise Voltage 



FREQUENCY (Hz) 


Forward Characteristics 


Response Time 




0 4 8 12 16 20 

TIME (ms) 


Typical Applications (Continued) 


Maximum Shunt Capacitance 



CAPACITANCE (pF) 



Amplifier Biasing for Constant Gain with Temperature 


Constant Current Source 



Thermometer 
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JtSi Semiconductor 


Voltage References 


LM129/LM329 Precision Reference 


General Description 


The LM129 and LM329 family are precision multi- 
current temperature compensated 6.9V zener references 
with dynamic impedances a factor of 10 to 100 less than 
discrete diodes. Constructed in a single silicon chip, the 
LM129 uses active circuitry to buffer the internal zener 
allowing the device to operate over a 0.5 mA to 15 mA 
range with virtually no change in performance. The 
LM129 and LM329 are available with selected tempera- 
ture coefficients of 0.001, 0.002, 0.005 and 0.01%/°C. 
These new references also have excellent long term 
stability and low noise. 

A new subsurface breakdown zener used in the LM129 
gives lower noise and better long term stability than 
conventional 1C zeners. Further the zener and tempera- 
ture compensating transistor are made by a planar 
process so they are immune to problems that plague 
ordinary zeners. For example, there is virtually no 
voltage shifts in zener voltage due to temperature cycling 
and the device is insensitive to stress on the leads. 

The LM129 can be used in place of conventional zeners 
with improved performance. The low dynamic impedance 


simplifies biasing and the wide operating current allows 
the replacement of many zener types. 


The LM1 29 is packaged in a 2-lead TO-46 package and is 
rated for operation over a ~55°C to +1 25°C temperature 
range. The LM329 for operation over 0— 70° C is availa- 
ble in both a hermetic TO-46 package and a TO-92 
epoxy package. 

Features 

■ 0.6 mA to 1 5 mA operating current 

■ 0.612 dynamic impedance at any current 

■ Available with temperature coefficients of 0.001 %/°C 

■ 7juV wideband noise 

■ 5% initial tolerance 

■ 0.002% long term stability 

■ Low cost 

■ Subsurface zener 


Typical Applications 


Simple Reference 


Low Cost 0— 25V Regulator 



Adjustable Bipolar Output Reference 





OUTPUT 

—6.9 < Vqut 5; 6-9 
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LM129/LM329 


Absolute Maximum Ratings 




Reverse Breakdown Current 


30 mA 



Forward Current 


2 mA 



Operating Temperature Range 





LM129 

-55°C to +1 25°C 



LM329 

0°C to +70° C 



Storage Temperature Range 

— 55°C to +150° C 



Lead Temperature (Soldering, 10 seconds) 

300°C 



Electrical Characteristics (Note d 






LM129A, B, C 

LM329B, C, D 


PARAMETER 

CONDITIONS 



UNITS 



MIN TVP MAX 

MIN TYP MAX 


Reverse Breakdown Voltage 

T A =25°C, 





0.6 m A < 1 R < 1 5 m A 

6.7 6.9 7.2 

6.6 6.9 7.25 

V 

Reverse Breakdown Change 

T a = 25°C, 




with Current 

0.6 mA < l R < 15 mA 

9 14 

9 20 

mV 

Reverse Dynamic Impedance 

T a = 25°C, l R = 1 mA 

0.6 1 

0.8 2 

a 

RMS Noise 

T a = 25°C, 



r 


10 Hz < F < 10 kHz 

7 20 

7 100 

mv 

Long Term Stability 

T A = 45°C±0.1°C, 





l R = 1 mA ±0.3% 

20 

20 

ppm 

Temperature Coefficient 

l R = 1 mA 




LM129A, LM329A 


6 10 

6 10 

ppm/°C 

LM129B, LM329B 


15 20 

15 20 

ppm/°C 

LM129C, LM329C 


30 50 

30 50 

ppm/°C 

LM329D 



50 100 

ppm/°C 

Change In Reverse Breakdown 

1 mA < l R < 15 mA 

1 

1, 

ppm/ 9 C 

Temperature Coefficient 





Reverse Breakdown Change 

1 mA < l R < 15 mA 

12 

12 

mV 

with Current 





Reverse Dynamic Impedance 

1 mA < l R < 1 5 mA 

0.8 

1 

to 

Note 1 :These specifications apply for 

-55° C < Ta < +125°C for the LM129 and 0°C < Ta < +70° C for the LM329 unless otherwise specified. The 

maximum junction temperature for an LM129 is 150°C and LM329 is 100°C. For operating at elevated temperature, devices in TO-46 package 

must be derated based on a thermal resistance of 440° C/W junction to ambient or 80°C/W junction to case. For the TO-92 package, the derating 

is based on 180° C/W junction to ambient with 0.4" leads from a PC board and 160° C/W junction to ambient with 0.125" lead length to a PC 

board. 


V 
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LM129/LM329 


Typical Applications (Continued) 


Positive Current Source 




Buffered Reference with Single Supply 



r-i_ 

< 20k 
? 1% 

100 pF 


Connection Diagrams 


Metal Can Package 


Plastic Package 




° w 


Order Number LM129AH, LM129BH 
LM129CH, LM329AH, LM329BH, LM329CH 
or LM329DH 
See NS Package H02A 


Order Number LM329BZ, LM329CZ 
or LM329DZ 
See NS Package Z03A 
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REVERSE VOLTAGE CHANGE (mV) FORWARD VOLTAGE (V) REVERSE CURRENT (A) 


Typical Performance Characteristics 


Reverse Characteristics 


Response Time 



I 


6.45 6.55 6.G5 6.75 6.85 6.95 7.05 

REVERSE VOLTAGE (V) 



0 100 200 
TIME M 


Forward Characteristics 


Dynamic Impedance 


Tj = 25° C / 
= 125 C 



0.001 0.01 0.1 1 10 
FORWARD CURRENT (mA) 


100 Ik 1C 
FREQUENCY (Hz) 


Reverse Voltage Change 


Zener Noise Voltage 






/ 



T i = 

-55C- 

As. 





A 

— 

Tj =125 

w 




A 

V 



A 

/ 




XA 






0 2 4 6 8 10 

REVERSE CURRENT (mA) 



10 100 Ik II 

FREQUENCY (Hz) 


Low Frequency Noise Voltage 


p 

p 

— 
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pi 
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— 
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LM136/LM236/LM336 


National Voltage References 

Semiconductor 

LM136/LM23&LM336 2.5V Reference Diode 

General Description 

The LM136/LM236 and LM336 integrated circuits are 
precision 2.5V shunt regulator diodes. These monolithic 
1C voltage references operate as a low temperature 
coefficient 2.5V zener with 0.2£2 dynamic impedance. 

A third terminal on the LM136 allows the reference 
voltage and temperature coefficient to be trimmed easily. 

The LM 136 series is useful as a precision 2.5V low voltage 
reference for digital voltmeters, power supplies or op 
amp circuitry. The 2.5V make it convenient to obtain 
a stable reference from 5V logic supplies. Further, since 
the LM136 operates as a shunt regulator, it can be used 
as either a positive or negative voltage reference. 

The LM136 is rated for operation over -55° C to +125°C 
while the LM236 is rated over a -25° C to +85° C 

Schematic Diagram 



Typical Applications 

2.5V Reference 2.5V Reference with Minimum Temperature Coefficient Wide Input Range Reference 


t Adjust to 2.490V 
*Any silicon signal diode 


ALM136 


LM136/S 
LM336 , 


Vm 3.5 - 40V 



temperature range. Both are packaged in a TO-46 package. 
The LM336 is rated for operation over a 0°C to +70°C 
temperature range and is available in either a three lead 
TO-46 package or a TO-92 plastic package. 

Features 

■ Low temperature coefficient 

■ Wide operating current of 300 juA to 1 0 m A 

■ 0.2£2 dynamic impedance 

■ ±1% initial tolerance available 

■ Guaranteed temperature stability 

■ Easily trimmed for minimum temperature drift 

■ Fast turn-on 

■ Three lead transistor package 

■ 5.0V device also available— LM336-5.0 
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Absolute Maximum Ratings 

15 mA 
10 mA 
-60° C to +1 50° C 

— 55°C to +1 50° C 
-25° C to +85° C 
0°C to +70° C 
300°C 


Electrical Characteristics (Notei) 


Reverse Current 
Forward Current 
Storage Temperature 
Operating Temperature 
LM136 
LM236 
LM336 

Lead Temperature (Soldering, 10 seconds) 


PARAMETER 

> 

CONDITIONS 

LM136A/LM236A 

LM136/LM236 

LM336B 

LM336 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Reverse Breakdown Voltage 

Ta = 25°C, Ir = 1 mA 









LM136/LM236/LM336 

2.440 

2.490 

2.540 

2.390 

2.490 

2.590 

V 


LM136A/LM236A, LM336B 

2.465 

2.490 

2.515 

2.440 

2.490 

2.540 

V 

Reverse Breakdown Change 

Ta = 25°C, 


2.6 

6 


2.6 

10 

mV 

With Current 

400juA<lR<10mA 



- 





Reverse Dynamic Impedance 

Ta = 25°C, l R = 1 mA 


0.2 

0.6 


0.2 

1 

£2 

Temperature Stability 

V r Adjusted to 2.490V 









1 r = 1 mA , ( Figure 2) 









0°C<T A <70°C (LM336) 





1,8 

6 

mV 


— 25°C < Ta < +85° C (LM236) 


3.5 

9 




mV 


~55°C < T A < +125°C (LM136) 


12 

18 




mV 

Reverse Breakdown Change 

400)uA’< Ir < 10 mA 


3 

10 


3 

12 

mV 

With Current 









Reverse Dynamic Impedance 

1 r = 1 mA 


0.4 

1 


0.4 

1.4 

n 

Long Term Stability 

Ta = 25°C ±0.1 °C, Ir = 1 mA 


20 



20 


ppm 


Note 1: Unless otherwise specified, the LM136 is specified from -55° C < T/^ < +125°C, the LM236 from -25° C < T/^ < +85° C and the LM336 
from 0°C < T^ < +70°C. The maximum junction temperature of the LM136 is 150°C, LM236 is 125°C and the LM336 is 100°C. For elevated 
junction temperature, devices in the TO-46 package should be derated based on a thermal resistance of 440° C/W junction to ambient or 80°C/W 
junction to case. For the TO-92 package, the derating is based on 180° C/W junction to ambient with 0.4" leads from a PC board and 160° C/W 
junction to ambient with 0.125" lead length to a PC board. 


Typical Performance Characteristics 




10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Dynamic Impedance 



10 100' Ik 10k 100k 

FREQUENCY (Hz) 



2-27 


LM136/LM236/LM336 























LM136/LM236/LM336 


Typical Performance Characteristics (Continued) 


Response Time 


Reverse Characteristics 


Forward Characteristics 



"1 

T i 

rn 

= 25 

°C- 


























0 2 4 A 

TIME (ms) 




0.6 1.0 1.4 1.8 2.2 2.6 

REVERSE VOLTAGE (V) 


0.001 0.01 0.1 1 

FORWARD CURRENT (mA) 


Temperature Drift 



2.390 -lR = 1mA — — 

2.370 1 1 I— 

-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Application Hints 

The LM136 series voltage references are much easier to 
use than ordinary zener diodes. Their low impedance 
and wide operating current range simplify biasing in 
almost any circuit. Further, either the breakdown volt- 
age or the temperature coefficient can be adjusted to 
optimize circuit performance. 


Figure 1 shows an LM136 with a 10k potentiometer 
for adjusting the reverse breakdown voltage. With the 
addition of R1 the breakdown voltage can be adjusted 
without affecting the temperature coefficient of the 
device. The adjustment range is usually sufficient to 


adjust for both the initial device tolerance and inac- 
curacies in buffer circuitry. 

If minimum temperature coefficient is desired, two 
diodes can be added in series with the adjustment po- 
tentiometer as shown in Figure 2. When the device is 
adjusted to 2.490V the temperature coefficient is mini- 
mized. Almost any silicon signal diode can be used for 
this purpose such as a 1N914, 1N4148 ora 1N457. For 
proper temperature compensation the diodes should be 
in the same thermal environment as the LM136. It is 
usually sufficient to mount the diodes near the LM136 
on the printed circuit board. The absolute resistance of 
R 1 is not critical and any value from 2k to 20k will work. 




FIGURE 1. LM136 With Pot for Adjustment of 
Breakdown Voltage 


FIGURE 2. Temperature Coefficient Adjustment 
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Typical Applications (Continued) 

Low Cost 2 Amp Switching Regulator* 



Precision Power Regulator with Low Temperature Coefficient 



5V Crowbar 



Trimmed 2.5V Reference with Temperature 
Coefficient Independent of Breakdown 
Voltage 



10k* 

CALIBRATE 


*Does not affect temperature coefficient 
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LM185/LM285/LM385 



National 

Semiconductor 


Voltage References 


LM185/LM285/LM385 Voltage Reference Diode 


General Description 

The LM185/LM285/LM385 are micropower 2-terminal band- 
gap voltage regulator diodes. Operating over a 10 ^<A to 20 
mA current range, they feature exceptionally low dynamic 
impedance and good temperature stability. On-chip trim- 
ming is used to provide tight voltage tolerance. Since the 
LM185 band-gap reference uses only transistors and 
resistors, low noise and good long term stability result. 

Careful design of the LM185 has made the device excep- 
tionally tolerant of capacitive loading, making it easy to 
use in almost any reference application. The wide dynamic 
operating rangeallows its use with widely varying supplies 
with excellent regulation. Some outstanding features are: 

■ Operating current of 10 \xk to 20 mA 

■ 1% and 2% initial tolerance 

■ 112 dynamic impedance 


■ Low temperature coefficient 

■ Low voltage reference— 1.235V 

The extremely low power drain of the LM185 makes it useful 
for micropower circuitry. This voltage reference can be 
used to make portable meters, regulators or general pur- 
pose analog circuitry with battery life approaching shelf 
life. Further, the wide operating current allows it to replace 
older references with a tighter tolerance part. . 

The LM185 is rated for operation over a -55°C to 125 °C 
temperature range while the LM285 is rated - 25 °C to85 °C 
and the LM385 0°C to 70 °C. The LM185/LM285/ 
LM385 are available in a hermetic TO-46 package and the 
LM385 is also available in a low-cost TO-92 molded 
package. 


Schematic Diagram 


Applications 





Calibration 

1. Adjust R1 so that 
VI = temp at 1 mV/°K 
' 2. Adjust V2 to 273.2 mV 
t Iq for 1 .3 V to 1 .6V battery 
voltage = 50 fuA to 150 nA 
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Absolute Maximum Ratings 








Reverse Current 


30 mA 







Forward Current 

Operating Temperature Range 


10mA 







LM185 

- 55°Cto + 125 °C 







LM285 

- 25 °C to -f 85 °C 







LM385 

0°Cto70°C 







StorageTemperature 

- 55°Cto + 150 °C 







LeadTemperature(Soldering,10seconds) 

300 °C 







Electrical Characteristics (Note i> 










LM185/LM285/LM385B 

LM385 


Parameter 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

Reverse Breakdown Voltage' 

T A = 25°C 1 mini — 1 Ft — 20 mA 
LM185/LM285/LM385B 

i.223 

1.235 

1.247 

,1.223 

1.235 

1.247 

V 


LM385 




1.205 

1.235 

1:260 

V 

Minimum Operating Current 



8 

10 


8 

15 

mA 

Reverse Breakdown Voltage 

1 MIN ^ 1 R — 1 mA 



1 



1 

mV 

Change with Current 




1.5 



1.5 

mV 


1 mA< I r <20 mA 



10 



20 

mV 





20 



25 

mV 

Reverse Dynamic Impedance 

l R = 100 fiA 


0.2 

0.6 r 


0.4 

1 

n 





1.5 



1.5 

o 

Average Temperature 
Coefficient 

10 ^A<I r <20 mA (Note 2) 


20 



20 


ppm/°C 

Wide Band Noise (RMS) 

l R = 100 /iA 

10 Hz<f <10 kHz 


60 

. 


60 


mV , 

Long Term Stability 

l R = 100 fiA 

T A = 25°C ± 0.1 °C 


20 



20 


ppm/kHR 

Note 1: Boldface type applies over the operating temperature range. Thermal resistance of the TO-46 package is 440°C/W junction to ambient or 80 °C junc- 

tion to case. Thermal resistance of the TO-92 package is 180°C/W junction to ambient. 

Note 2: Guaranteed maximum average temperature coefficient available as special order. 






Applications (Continued) 








Micropower Reference 


Reference from 




from 9V Battery 


1.5V Battery 






)V 


1.5V 

1 





4 

r 500k 


« 

< 

< 

i 3k 






l— 1-2V 


^ j 

h— 1.2V 




i 

fj.M385 


i 

-f 

^LM385 




JL 
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LM185/LM285/LM385 





LM185/LM285/LM385 








Connection Diagrams 


TO-92 

Plastic Package 



BOTTOM VIEW 


Order Number LM385Z or LM385BZ 
See NS Package Z03D 


TO-46 

Metal Can Package 



BOTTOM VIEW 


Order Number LM185H, LM285H, 
LM385H or LM385BH 
See NS Package H02A 
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LM199/LM299/LM399 



National 

Semiconductor 


Voltage References 


LM199/LM299/LM399 Precision Reference 


General Description 

The LM199/LM299/LM399 are precision, temperature- 
stabilized monolithic zeners offering temperature 
coefficients a factor of ten better than high quality 
reference- zeners. Constructed on a single monolithic 
chip is a temperature stabilizer circuit and an active 
reference zener. The active circuitry reduces the dynamic 
impedance of the zener to about 0.512 and allows the 
zener to operate over 0.5 mA to 10 mA current range 
with essentially no change in voltage or temperature 
coefficient. Further, a new subsurface zener structure 
gives low noise and excellent long term stability com- 
pared to ordinary monolithic zeners. The package is 
supplied with a thermal shield to minimize heater power 
and improve temperature regulation. 

The LM199 series references are exceptionally easy to 
use and free of the problems that are often experienced 
with ordinary zeners. There is virtually no hysteresis in 
reference voltage with temperature cycling. Also, the 
LM199 is free of voltage shifts due to stress on the leads. 
Finally, since the unit is temperature stabilized, warrrvup 
time is fast. 

The LM199 can be used in almost any application in 
place of ordinary zeners with improved performance. 
Some ideal applications are analog to digital converters, 


calibration standards, precision voltage or current sources 
or precision power supplies. Further in many cases the 
LM199 can replace references in existing equipment 
with a minimum of wiring changes. 

The LM199 series devices are packaged in a standard 
hermetic TO-46 package inside a thermal shield. The 
LM199 is rated for operation from -55°C to +125°C 
while the LM299 is rated for operation from -25°C to 
+85°C and the LM399 is rated from 0°C to +70°C. 


Features 

■ Guaranteed 0.0001 %/°C temperature coefficient 

■ Low dynamic impedance — 0.512 

■ Initial tolerance on breakdown voltage — 2% 

■ Sharp breakdown at 400juA 

■ Wide operating current - 500/iA to 1 0 m A 

■ Wide supply range for temperature stabilizer 

■ Guaranteed low noise 

■ Low power for stabilization — 300 mW at 25°C 

■ Long term stability — 20 ppm 


Schematic Diagrams 



Metal Can Package 



Order Number LM199H, LM299H 
or LM399H 
See NS Package H04D 


TOP VIEW 
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Absolute Maximum Ratings 


Temperature Stabilizer Voltage 
Reverse Breakdown Current 
Forward Current 

Reference to Substrate Voltage V( RS) 

Operating Temperature Range 
LM199 
LM299 
LM399 


40V 
20 mA 
1 mA 

(Note 1 ) 40V 

-0.1V 

-55°C to +125°C 
-25°C to +85°C 
0°C to +70° C 
-55° C to +150°C 
300°C 


Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


Electrical Characteristics (Note 2) 


PARAMETER 

CONDITIONS 

| LM199/LM299 | 

LM399 | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Reverse Breakdown Voltage 

0.5 mA< l R < 10 mA 

6.8 

6.95 

7.1 

6.6 

6.95 

7.3 

V 

Reverse Breakdown Voltage 

0.5 mA< 1 < 10 mA 


6 

9 


6 

12 

mV 

Change With Current 

» 








Reverse Dynamic Impedance 

1 R = 1 m A 


0.5 

1 


0.5 

1.5 

n 

Reverse Breakdown 

-55° C < T A < 85°C 1 

0 “ o f LM199 

85 C < T a < 125 C J 


0.00003 

0.0001 




%/°c 

Temperature Coefficient 


0.0005 

0.0015 




%/°c 


— 25°C < T a < 85°C LM299 


0.00003 

0.0001 




%/°c 


0°C < T a < 70° C LM399 





0.00003 

0.0002 

%/°c 

RMS Noise 

10 Hz<f< 10kHz 


7 

20 


7 

50 

mv 

Long Term Stability 

Stabilized, 22°C < T A < 28°C, 

1000 Hours, l R = 1 mA ±0.1% 


20 



20 


ppm 

Temperature Stabilizer 

Supply Current 

T a = 25°C, Still Air, y s = 30V 

T a = -55°C 


8.5 

22 

14 

28 


8.5 : 

15 

mA 

Temperature Stabilizer 

Supply Voltage 

(Note 3) 

9 


40 

9 


40 

V 

Warm-Up Time to 0.05% 

V s = 30V, T a = 25°C 


3 



3 


Seconds 

Initial Turn-on Current 

9 < V s < 40. T a = 25°C, (Note 3) 


140 v 

200 


140 

200 

mA 


Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be applied to either 
terminal of the reference is 40V more positive or 0.1 V more negative than the substrate. 

Note 2: These specifications apply for 30V applied to the temperature stabilizer and -55°C < T^ < +125°C for the LM199; -25°C < T^ < +85° C 
for the LM299 and 0°C < T A < +70°C for the LM399. 

Note 3: This initial current can be reduced by adding an appropriate resistor and capacitor to the heater circuit. See the performance characteristic 
graphs to determine values. 
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LM199/LM299/LM399 








LM199/LM299/LM399 







LM199/LM299/LM399 


Typical Applications (Continued) 



Portable Calibrator* 


Square Wave Voltage Reference 


H5v 




14V Reference 


Precision Clamp* 
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LM199A/LM299A/LM399A 


TO National 
JtSd Semiconductor 

LM199A/LM299A/LM399A 


Voltage References 
Precision Reference 


General Description 


The LM199A/LM299A/LM399A are precision, tempera- 
ture-stabilized monolithic zeners offering temperature 
coefficients a factor of ten better than high quality 
reference zeners. Constructed on a single monolithic 
chip is a temperature stabilizer circuit and an active 
reference zener. The active circuitry reduces the dynamic 
impedance of the zener to about 0.512 and allows the 
zener to operate over 0.5 mA to 10 mA current range 
with essentially no change in voltage or temperature 
coefficient. Further, a new subsurface zener structure 
gives low noise and excellent long term stability com- 
pared to ordinary monolithic zeners. The package is 
supplied with a thermal shield to minimize heater power 
and improve temperature regulation. 

The LM199A series references are exceptionally easy to 
use and free of the problems that are often experienced 
with ordinary zeners. There is virtually no hysteresis in 
reference voltage with temperature cycling. Also, the 
LM199A is free of voltage shifts due to stress on the 
leads. Finally, since the unit is temperature stabilized, 
warm up time is fast. 

The LM199A can be used in almost any application in 
place of ordinary zeners with improved performance. 
Some ideal applications are analog to digital converters, 
calibration standards, precision voltage or current sources 
or precision power supplies. Further in many cases the 
LM199A can replace references in existing equipment 
with a minimum of wiring changes. 


The LM199A series devices are packaged in a standard 
hermetic TO-46 package inside a thermal shield. The 
LM199 .is rated for operation from ~55°C to +125°C 
while the LM299A is rated for operation from -25°C 
to +85°C and the LM399A is rated from 0°C to +70°C. 

Certified Long Term Stability Devices 

All devices are tested for 1000 hours minimum at 25°C 
ambient temperature with temperature stabilizer oper- 
ating. All devices shipped with long term data which 
certifies a maximum drift for the 1000. hours of 20 ppm 
or 50 ppm. 

Features 

■ Guaranteed 0.00005%/°C temperature coefficient 

■ Low dynamic impedance — 0.512 

■ Initial tolerance on breakdown voltage — 2% 

■ Sharp breakdown at 400/iA 

■ Wide operating current — 500juA to 10 mA 

■ Wide supply range for temperature stabilizer 

■ Guaranteed low noise 

■' Low power for stabilization — 300 mW at 25°C 

■ Long term stability — 20 ppm 

■ Certified long term stability available 


Schematic Diagrams 




Metal Can Package Certified Long Term Stability Device 


TOP VIEW 

Order Number LM199AH, LM299AH 
or LM399AH 
See NS Package H04D 


CERTIFIED LONG 
TERM STABILITY 
ppm MAX 

ORDERING 

NUMBERS 

20 

20 

LM199AH-20 

LM299AH-20 

50 

LM399AH-50 



□ 


-X- 


m 
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Absolute Maximum Ratings 

Temperature Stabilizer Voltage 
Reverse Breakdown Current 
Forward Current 

Reference to Substrate Voltage V (RS) (Note 1) 

Operating Temperature Range 
LM199A 
LM299A 
LM399A 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


40V 
20 mA 
1 mA 
+40V 
-0.1V 

-55°C to +125°C 
— 25°C to +85°C 
0°C to +70° C 
-55° C to +1 50° C 
300°C 


Electrical Characteristics (Note d 


PARAMETER 

CONDITIONS 

| LM199A, LM299A 

j LM399A 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Reverse Breakdown Voltage 

0.5 mA< l R < 10 mA 

6.8 

6.95 

7.1 

6.6 

6.95 

7.3 

V 

Reverse Breakdown Voltage 
Change With Current 

0.5 mA < l R < 10 mA 


6 

9 


6 

12 

mV 

Reverse Dynamic Impedance 

1 p = 1 m A 


0.5 

1 


0.5 

1.5 

£2 

Reverse Breakdown 

-55°C < T a < 85°C 1 
85«C<V A Vl25”C J LM,99A 


0.00002 

0.00005 




%/°C 

Temperature Coefficient 


0.0005 

0.0010 




%/°C 


— 25°C < T a < 85° C LM299A 


0.00002 

0.00005 




%/° c 


0°C < T a < 70°C LM399A 


' 



0.00003 

0.0001 

%/°c 

RMS Noise 

10 Hz<f< 10kHz 


7 

20 


7 

50 

JUV 

Long Term Stability 

Stabilized, 22°C < T A < 28°C, 

1000 Hours, l R = 1 mA ±0.1% 


20 



20 


ppm 

Temperature Stabilizer 

T a = 25°C, Still Air, V s = 30V 


8.5 

14 


8.5 

15 

mA 

Supply Current 

T a = — 55°C 


22 ' 

28 




Temperature Stabilizer 

Supply Voltage (Note 3) 


9 


40 

9 


40 

V 

Warm-Up Time to 0.05% 

V s = 30V, T a = 25°C 


3 



3 


Seconds 

Initial Turn-on Current 

9 < V s < 40, T a = 25° C, (Note 3) 


140 

200 


140 

200 

mA 


Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be applied to either 
terminal of the reference is 40V more positive or 0.1V more negative than the substrate. 

Note 2: These specifications apply for 30V applied to the temperature stabilizer and -55°C < T/^< +125°C for the LM199A; -25°C < T/\ < 
+85°C for the LM299A and 0°C < Ta < +70°C for the LM399A. 

Note 3: This initial current can be reduced by adding an appropriate resistor and capacitor to the heater circuit. See the performance characteristic 
graphs to determine values. 


Typical Applications 

For typical applications, see LM199 data sheet on 
preceding pages. 
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INITIAL HEATER CURRENT (mA) NOISE (nV/\/Hi) REVERSE CURRENT (A) 


Typical Performance Characteristics 



Reverse Voltage Change 



Dynamic Impedance 



6.25 6.45 6.65 6.85 7.05 


10 


ID 100 Ik 10k 100k 


REVERSE VOLTAGE (V) 


REVERSE CURRENT (mA) 


FREQUENCY (Hz) 



10 100 Ik ■ 10k 100k 

FREQUENCY (Hz) 



0 4 8 12 16 20 

HEATER ON TIME -(SEC) 



-55 -35 -15 5 25 45 65 85 105 

TEMPERATURE (°C) 



-55 - 35-15 5 25 45 65 85 105 125 
TURN ON TEMPERATURE (°C) 



0 2 4 6 8 10 12 14 16 18 


TIME (SEC) 


Response Time 



Low Frequency Noise Voltage 



0 2 4 6 8 10 


TIME (MINUTES) 





National 
Semiconductor 

LM3999 Precision Reference 

General Description 

The LM3999 is a precision, temperature-stabilized 
monolithic zener offering temperature coefficients 
a factor of ten better than high quality reference zeners. 
Constructed on a single monolithic chip is a temperature 
stabilizer circuit and an active reference zener. The 
active circuitry reduces the dynamic impedance of the 
zener to about 0.512 and allows the zener to operate 
over 0.5 mA to 10 mA current range with essentially 
no change in voltage or temperature coefficient. Further, 
a new subsurface zener structure gives low noise and 
excellent long term stability compared to ordinary 
monolithic zeners. 

The LM3999 reference is exceptionally easy to use 
and free of the problems that are often experienced 
with ordinary zeners. There is virtually no hysteresis in 
reference voltage with temperature cycling. Also, the 
LM3999 is free of voltage shifts due to stress on the 
leads. Finally, since the unit is temperature stabilized, 
warm up time is fast. 

The LM3999 can be used in almost any application in 
place of ordinary zeners with improved performance. 


Voltage References 


Some ideal applications are analog to digital converters, 
precision voltage or current sources or precision power 
supplies. Further, in many cases, the LM3999 can 
replace references in existing equipment with a mini- 
mum of wiring changes. 

The LM3999 is packaged in a standard TO-92 package 
and is rated from 0°C to +70°C. 

Features 

■ Guaranteed 0.0005%/°C temperature coefficient 

■ Low dynamic impedance - 0.512 

■ Initial tolerance on breakdown voltage — 5% 

■ Sharp breakdown at 400 mA 

■ Wide operating current - 500juA to 10 mA 

■ Wide supply range for temperature stabilizer 

■ Low power for stabilization — 400 mW at 25°C 

■ Long term stability - 20 ppm 



Schematic Diagram 


Temperature Stabilizer Reference heater SUPPLY 



Functional Block Diagram 



Typical Applications 


Basic Operation 
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LM3999 


Absolute Maximum Ratings 

Temperature Stabilizer Voltage 

Reverse Breakdown Current 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


36V 
20 mA 
0.1 mA 
0°C to +70° C 
-55°C to +150° C 
300°C 


Electrical Characteristics (Note 1 ) 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reverse Breakdown Voltage 

0.6mA<lR<10mA 

6.6 

6.95 

7.3 

V 

Reverse Breakdown Voltage 

Change With Current 

0.6 mA<l< 10 mA 


6 

20 

mV 

Reverse Dynamic Impedance 

Ir = 1 mA 


0.6 

2.2 

n 

Reverse Breakdown Temperature 

Coefficient 

0°C<T A <70°C 


0.0002 

0.0005 

%/°c 

RMS Noise 

10 Hz < f < 10 kHz 


7 


/iV 

Long Term Stability 

Stabilized, 22°C < T A < 28°C, 

1006 Hours, Ir = 1 mA ±0.1% 


20 


ppm 

Temperature Stabilizer 

T A = 25° C, Still Air, Vs = 30V 


12 

18 

mA 

Temperature Stabilizer Supply 
Voltage 




36 

V 

Warm-Up Time to 0.05% 

Vs = 30V, T A = 25°C 


S 


Seconds 

Initial Turn-on Current 

9< Vs <40, T A = 25° C 


140 

200 

mA 


Note 1 : These specifications apply for 30V applied to the temperature stabilizer and 0°C < T A < +70° C. 


Typical Performance Characteristics 



6.25 6.45 6.65 6.85 7.05 

REVERSE VOLTAGE (V) 


Reverse Voltage Change 



0 2 4 6 8 10 

REVERSE CURRENT (mA) 


Dynamic Impedance 



Zener Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 



0 4 8 12 16 20 

HEATER ON TIME - (SEC) 


Heater Current 



TEMPERATURE (°C) 
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Typical Performance Characteristics (Continued) 



-55 -35 -15 5 25 45 65 85 105 125 
TURN ON TEMPERATURE TC) 


Heater Current (To Limit This 



0 2 4 6 8 10 12 14 16 18 


TIME (SEC) 


Heater Surge Limit Resistor vs 
Minimum Supply Voltage at 
Various Minimum Temperatures 



0 10 20 30 40 


MINIMUM SUPPLY VOLTAGE (V) 

* Heater must be bypassed with a 2 juF 
tantalum capacitor if maximum value 
resistors are used. Otherwise 30% to 
50% smaller values must be used. If 
heater voltage oscillates under any con- 
dition, temperature is not at control 
point. 


, Low Frequency Noise Voltage 



Response Time 



Typical Applications (Continued) 


Buffered Reference With Single Supply 


Voltage Reference 



LM3999 



LM3999 


Typical Applications (Continued) 

OV to 20V Power Reference 



Precision Clamp* 

CLAMP 



*Clamp will sink 5 mA when input 
goes more positive than reference. 


Bipolar Output Reference 



Portable Calibrator* 



Connection Diagram 


Plastic Package 



BOTTOM VIEW 

Order Number LM3999Z 
See NS Package Z03A 


*Warm-up time 10 seconds; intermittent operation 
does not degrade long term stability. 
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Operational Amplifiers/Buffers 
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LF1 56/LF256/LF356 Monolithic JFET Input Operational Amplifier 3-1 
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LF157/LF257/LF357 Monolithic JFET Input Operational Amplifier. 3-1 
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LF351 Wide Bandwidth JFET Input Operational Amplifier. ! . 3-22 

LF353 Wide Bandwidth Dual JFET Input Operational Amplifier 3-29 

LM102/LM202/LM302 Voltage Followers 3-74 

LM1 10/LM210/LM310 Voltage Follower 3-95 
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LM144/LM344 High Voltage, High Slew Rate Operational Amplifier. 3-129 
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LM 1 02/LM202/LM302 Voltage Followers 3-74 
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Programmable 
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LM 13080 Programmable Power Op Amp 3-231 
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LM 13080 Programmable Power Op Amp 3-231 

General Purpose, Compensated 

LF155/LF255/LM355 Monolithic JFET Input Operational Amplifier 3-1 

LF155A/LF355A Monolithic JFET Input Operational Amplifier. 3-1 

LF156/LF256/LF356 Monolithic JFET Input Operational Amplifier 3-1 
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LF353 Wide Bandwidth Dual JFET Input Operational Amplifier 3-29 

LF13741 Monolithic JFET Input Operational Amplifier 3-38 

LM10/LM10B(L)/LM10C(L) Op Amp and Voltage Reference 3-49 
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LM747/LM747A/LM747C/LM747E Dual Operational Amplifiers 3-205 
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LM1558/LM1458 Dual Operational Amplifier 3-213 
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LF1 57/LF257/LF357 Monolithic JFET Input Operational Amplifier 3-1 
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Note. For additional information on operational amplifiers, see National Semiconductor’s Special Functions 
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DC ELECTRICAL CHARACTERISTICS 

AC ELECTRICAL CHARACTERISTICS 

PART NUMBER 

Vos - max OFFSET 
VOLTAGE (mV) 

(T A = 25° C) 

AV 0S /AT - T.C. OF 

v 0 s (mv/°c) 

TYP 

Ib-MAX bias 
CURRENT (pA) 

(Tj = 25°C) 

AvOL LARGE 

SIGNAL VOLTAGE 

GAIN (V/mV) 

MIN (T a = 25° C) 

SR - SLEW 
RATE (V/jus) 

e n - EQUIV. 

INPUT NOISE 
VOLTAGE (nV/VHz) 
(Note 2) 

MILITARY BI-FET OP AMP (Note 1) | 

LF155 

5 

5 

100 

50 

5 

20 

LF155A 

2 

5 (max) 

50 

50 

5 

20 

LF156 

5 

5 

100 

50 

12 

12 

LF156A 

2 

5 (max) 

50 

50 

12 

12 

LF157 

5 

5 

100 

50 

50 

12 

LF157A 

2 

5 (max) 

50 

50 

50 

12 

INDUSTRIAL BI-FET OP AMP (Note 1) | 

LF255 

5 

5 

100 

50 

5 

20 

LF256 

5 

5 

100 

50 

12 

12 

LF257 

5 

5 

100 

,50 

50 

12 

COMMERCIAL BI-FET AND BI-FET II OP AMP (Note 3) | 

LF351 

10 

10 

200 

25 

13 

16 

LF351A 

2 

10 

100 

25 

13 

16 

LF351B 

5 

10 

- 200 

25 

13 

16 

LF355 

10 

5 

200 

25 

5 

25 

LF355A 

2 

5 (max) 

50 

25 

5 

25 

LF356 

10 

5 

200 

25 

12 

15 

LF356A 

2 

5 (max) 

50 

25 

12 

15 

LF357 

10 

5 

200 

25 

50 

15 

LF357A 

2 

5 (max) 

50 

25 

50 

15 

LF13741 

15 

10 

200 

25 

0.5 

37 

BI-FET II DUAL OP AMPS (Characteristics for Each Amplifier) (Note 3) j 

LF353 

10 

10 

200 

25 

13 

16 

LF353A 

2 

10 

100 

25 

13 

16 

LF353B 

5 

10 

200 

25 

13 

16 

BI-FET II QUAD OP AMPS (Characteristics for Each Amplifier) (Note 3) | 

LF347 

10 

10 

200 

25 

13 

16 

LF347A 

2 

10 

100 

25 

13 

16 

LF347B 

5 

10 

200 

25 

13 

16 



w 
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B|.FET™»BI-FET II™ 

Op Amp Selection Guide 


SELECTION BY DESIGN PARAMETER 


Max Input Offset 

Voltage 

(T A = 25°C) 


2 mV 

LF1 55A/LF355A 

LF1 56A/LF356A 

LF357A 

LF351A 

LF353A 

LF347A 


5 mV 

10 mV 

LF351B 

LF355/LF356/LF357 

LF347B 

LF351 

LF353B 

LF353 

LF 1 55/LF 1 56/LF 1 57 

LF347 

LF255/LF256/LF257 



15 mV 
LF13741 


Max Input Bias 

Current 
(Tj = 25° C) 

50 pA 

LF155A/LF156A/LF157A 

LF355A/LF356A/LF357A 

100 pA 

LF 1 55/LF 1 56/LF 1 57 
LF255/LF256/LF257 
LF351A 

LF353A 

LF347A 

200 pA 

LF355/LF356/LF357 
LF351/LF351 B 
LF347/LF347B 
LF353/LF353B 
LF13741 

Typ Equivalent 

12 nV or Less 

1 

15 nV To 20 nV 

25 nV To 37 nV 

Input Noise Voltage 

LF1 56/LF 156A 

LF356 

LF351 LF155 

LF355 LF13741 

perVHz, f = 1000 Hz, 

LF157/LF157A 

LF356A 

LF351A LF155A 

LF355A 

RS= 10012 

LF256/LF257 

LF357 

LF357A 

LF351B LFT155 

LF347 LF255 

LF347A 

LF347B • 

LF353 

LF353A 

LF353B 



ADDITIONAL NS PRODUCTS USING 
BI-FET TECHNOLOGY 


• LF1 1 1 Comparator 

• LF198 Sample and Hold 

• LF 1 1 201 Series of Analog Switches 

• LF1 1331 Series of Analog Switches 

• LF 1 1 508 Series of Analog Multiplexers 

• LF 152 Instrumentation Amplifier 

• LF 13300 Integrating A/D Building Block 


Typ Slew Rate 


0.5 V/jus 
LF13741 


5 V/jUS 

12 V//us 

13 V/jus 

LF1 55/LF 155A 

LF156 

LF351 

LF255 

LF156A 

LF351A 

LF355/LF355A 

LF256 

LF351B 


LF356 

LF353 


LF356A 

LF353A 



LF353B 



LF347 



LF347A 



LF347B 
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MILITARY TEMPERATURE RANGE: -55°C < T A 

< +1 25° C 






Device 

Input 

Offset 

Voltage 

Max 

(mV) 

Input 

Offset 

Voltage Drift 
Max 
(juV/°C) 

Input 

Offset 

Current 

Max 

(nA) 

Input 

Bias 

Current 

Max 

(nA) 

Voltage 

Gain 

Min 

(Volts/V) 

Bandwidth 
A v = 1 
Typ 
(MHz) 

Slew Rate 
A v = 1 
Typ 
(V/ As) 

Output 

Current 

Min 

@ R l = 2k 
(mA) 

Supply Voltage 
Min Max 

(V) (V) 

Common 

Mode 

Range 

(V) 

Differential 

Input 

Voltage 

(V) 

Supply 

Current 

T a = 25° C 
Max 
(mA) 

Compensation 
Components 
Per Amplifier 

Package Types 

SINGLE OP AMPS 
















LH101 

6 

6 typ 

500 

1500 

25k 

1 

0.5 

5 

±3 

±22 

±12 

±30 

3 

0 

TO-5 F.P. 

LM101A 

3 

15 

20 

100 

25k 

1 ' 

0.5 

5 

±3 

±22 

±12 

±30 

3 

1 

TO-5 DIP F.P. 

LM101 

6 

6 typ 

500 

1500 

25k 

1 

0.5 

5 

±3 

±22 

±12 

±30 

3 

1 

TO-5 F.P. 

LM102 

7.5 

6 typ 


100 

0.999 

10 

* 10 

1 

(R l = 8 k!2) 

±12 

±18 

±10 

* 

5.5 

0 

TO-5 

LM107 

3 

15 

20 

100 

25k 

1 

0.5 

7.5 

±3 

±22 

±12 

±30 

3 

0 

TO-5 DIP F.P. 

LM108A 

1 

5 

0.4 

3 

40k 

1 

0.3 

1 

±2 

±20 

±14 

(Note 1) 

0.6 

1 

TO-5 DIP F.P. 

LM108 

3 

15 

0.4 

3 

25k 

1 

0.3 

1 

±2 

±20 

±14 

(Note 1) 

0.6 

1 

TO-5 DIP F.P. 

LM110 

6 

12 


10 

0.999 

20 

30 

1 

(R u = 8 kO) 

±5 

±18 

±10 

' 

5.5 

0 

TO-5 DIP 

LM112 

3 

15 

0.4 

3 

25k 

1 

0.2 

1.3 

(R l = 10 k£2) 

±2 

±20 

■ ±14 

(Note 1) 

0.6 

0 

TO-5 DIP F.P. 

LM118 

4 

* 

50 

250 

20k 

15 

50 min 

6 

±5 

±18 

±11.5 

(Note 1) 

8 

0 

TO-5 DIP F.P. 

LM121A (R SEX =70k) 

0.65 

0.2 

1 

30 

16k 

0.5 

* 

* 

±5 

±20 

±15 

±15 

1.5 

1 

TO-5 DIP F.P. 

LM121 (R SET =70k) 

1 

1 

3 

30 

16k 

0.5 

* 

* 

±5 

±20 

±15 

±15 

1.5 

1 

TO-5 DIP F.P. 

LM143 

6 

* 

7 

35 

50k 

1 

2.5 

4.4 

(R L >5k) 

±4 

±40 

±38 

±40 

4 

0 

TO-5 DIP F.P. 

LM144 

6 


7 

35 

50k 

2 

30 

(A v > 10) 

4.4 

(R l >5k) 

±4 

±40 

±38 

±40 

4 

1 

TO-5 DIP F.P. 

LF155A 

2.5 

10 

25 

0.05 

25k 

2.5 

5 

5 

±5 

±22 

±20 

±40 

4 

0 

TO-5 

LF155 

7 

20 • 

50 

0.1 

25k 

2.5 

5 

5 

±5 

±22 

±20 

±40 

4 

0 

TO-5 

LF156A 

2.5 

10 

25 

0.05 

25k 

5 

15 

5 

±5 

±22 

±20 

±40 

7 

0 

TO-5 

LF156 

7 

20 

50 

0.1 

25k 

5 

15 

5 

±5 

±22 

±20 

±40 

7 

0 

TO-5 

LF157A (A v >5) 

2.5 

10 

25 

0.05 

25k 

25 

75 

5 

±5 

±22 

±20 

±40 

7 

0 

TO-5 

LF157 (A v >5) 

7 

20 

50 

0.1 

25k 

25k ^ 

25 

75 

5 

±5 

±22 

±20 

±40 

7 

0 

TO-5 

LM709A 

3 

15 

250 

600 

1 

0.3 

5 

±5 

±22 

±20 

±40 

3.6 

3 

TO-5 

LM709 

6 

6 typ 

500 

1500 

25k 

1 

0.3 

5 

±9 

±18 

±8 

±5 

5.5 

3 

TO-5 DIP 

LM725A 

0.7 

2 

18 

180 

1000 

0.5 

0.005 

5 

±3 

±22 

±13.5 

±5 

3.5 

4 

TO-5 DIP 

LM725 

1.5 

5 

40 

200 

1000 

0.5 

0.005 

5 

±3 

±22 

±13.5 

±5 

3.5 

4 

TO-5 F.P. 

LM741A 

4 

15 

70 

210 

32k 

1 

0.5 

7.5 

±3 

±22 

±12 

±30 

4.0 

0 

TO-5 DIP F.P. 

LM741 

6 

15 typ 

500 

1500 

25k 

1 

0.5 

5 

±3 

±22 

±12 

±30 

2.8 

0 

TO-5 DIP F.P. 

LM748 

6 

* 

500 

1500 

25k 

1 

0.5 

5 

±3 

±22 

±12 

±30 

2.8 

1 

TO-5 

LM4250 (V s =±15V) 

4 


3 

7.5 

50k 

0.1 

0.03 

0.12 

(R L >100k) 

±1 

±18 

±12 

±15 

0.011 set 

0 

TO-5 DIP 


Note 1 : Inputs have shunt-diode protection; current must be limited. *Not specified 
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Military Op Amp Selection Guide 


MILITARY TEMPERATURE RANGE: -55°C < T A < +125°C 


Device 

Input 

Offset 

Voltage 

Max 

(mV) 

Input 

Offset 

Voltage Drift 
Max 
(juV/°C) 

Input 

Offset 

Current 

Max 

(nA) 

Input 

Bias 

Current 

Max 

(nA) 

Voltage 

Gain 

Min 

(Volts N) 

Bandwidth 

A v = 1 

Typ 

(MHz) 

Slew Rate 
A v = 1 

Typ 

(V/#xs) 

Output 

Current 

Min 

@ R L = 2k 
(mA) 

Supply Voltage 
Min Max 

(V) (V) 

Common 

Mode 

Range 

(V) 

Differential 

Input 

Voltage 

(V) 

Supply 

Current 

T a = 25° C 
Max 
(mA) 
(Note 2) 

Compensation 
Components 
Per Amplifier 

Package Types 

DUAL OP AMPS 

LM158 

5 

* 

30 

150 

25k 

1 

* 

0.8 

±1.5 

±16 

V+-1.5 

• V + 

1.2 

0 

TO-5 DIP 

LM1558 

6 

.* 

500 

1500 

25k 

1 

0.5 

5 

±3 

±22 

±12 

±30 

5.0 

0 

TO-5 

LM747A 

4 

15 

70 

210 

32k 

1 

0.5 

7.5 

±3 

±22 

±12 

±30 

5.6 

0 

DIP 

LM747 

6 

* 

500 

1500 

25k 

1 

0.5 

5 

±3 

±22 

±12 

±30 

5.6 

0 

DIP 

QUAD OP AMPS 

LM124 

7 

7 typ 

±30 

150 

50 

1.0 


10 

-16 

+16 

Oto 

V DC 

3 

0 

D, F, J 

LM146 (l SET = 10/iA) 

5 

5 typ 

20 

100 

100k 

1.2 

0.4 

1.2 

' ±2 

±22 

V+-1.5V 

±0.7 

±30 

2 

0 

DIP 

LM148 

6 

15 typ 

75 

325 

25k 

1 

0.6 

5 

±3 

±22 

±12 

±30 

3.6 

0 

DIP F.P. 

LM149 (A v > 5) 

6 

15 typ 

75 

325 

25k 

4 

3 

5 

±3 

±22 

±12 

±30 

3.6 

0 

DIP F.P. 

LM1900 

* 

* 

* 

150 

0.8k 

2.5 

* 

10 source 

±4 

±36 

* 

* 

12 

0 

DIP 









1 sink 

- 








Note 2: Supply current for ail channels of amplifier in the package. 
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INDUSTRIAL TEMPERATURE RANGE: -25°C < T A < +85° C 

Device 

Input 

Offset 

Voltage 

Max 

(mV) 

Input 

Offset 

Voltage Drift 
Max 
W C) 

Input 

Offset 

Current 

Max 

(nA) 

Input 

Bias 

Current 

Max 

(nA) 

Voltage 

Gain 

Min 

(Volts/V) 

Bandwidth 
A v = 1 

Typ 

(MHz) 

Slew Rate 
A v = 1 
Typ 
(V/jus) 

Output 

Current 

Min 

@ R l = 2 kn 
ImA) 

Supply Voltage C ?JT on 
Min Max ^lode 

(V) (V) R ( a "9 e 

Differential 

Input 

Voltage 

(V) 

Supply 
Current 
T a = 25°C 
Max 
(mA) 
(Note 2) 

Compensation 

Components Package Types 

Per Amplifier 

SINGLE OP AMPS 
















LM201A 

3 

15 

20 

100 

25k 

1 

0.5 

5 

±3 

±22 

±12 

±30 

3 

1 

TO-5 DIP F.P. 

LM202 

10 

15 typ 

* 

15 

0.999 

10 

10 

1 

±12 

±18 

±10 

* 

5.5 

0 

TO-5 

LM207 

2 

20 

20 

100 

25k 

1 

0^5 

5 

±3 

±22 

±12 

±30 

3 

0 

TO-5 DIP F.P. 

LM208A 

1.0 

5 

0.4 

3 

40k 

1 

0.3 

1 

±2 

±20 

±14 

(Note 1) 

0.6 

1 

TO-5 DIP F.P. 

LM208 

3 

15 

0.4 

3 

25k 

1 

0.3 

1 

±2 

±20 

±14 

(Note 1) 

0.6 

1 

TO-5 DIP F.P. 

LM210 

4 

* 

* 

3 

0.999 

20 

30 

1 

±5 

±18 

±10 

* 

5.5 

0 

TO-5 DIP F.P. 

LM212 

2 

15 

0.2 

2 

25k 

1 

0.3 

1 

±2 

±20 

±14 

(Note 1) 

0.6 

0 

TO-5 DIP F.P. 

LM216A 

3 

* 

0.015 

0.05 

20k 

1 

0.3 

1 

±5 

±20 

±13 

(Note 1 ) 

0.6 

0 

TO-5 DIP F.P. 

LM216 

10 

* 

0.05 

0.15 

10k 

1 

0.3 

1 

±5 

±20 

±13 

(Note 1) 

0.8 

0 

TO-5 DIP F.P. 

LM218 

4 

* 

50 

500 

25k 

15 

50 min 

5 

±5 

±18 

±11.5 

(Note 1) 

8 

0 

TO-5 DIP F.P. 

LM221A 

0.65 

0.2 

1 

30 

16k 

0.5 

* 

* 

±5 

±20 

±15 

±15 

1.5 

1 

TO-5 DIP F.P. 

I^SET = 70k) 
















LM221 

1 

1 

3 

30 

16k 

0.5 

* 

* 

±5 

±20 

±15 

±15 

1.5 

1 

TO-5 DIP F.P. 

(Rset = 70k) 
















LF255 

6.5 

5 typ 

20 

50 

25k 

2.5 

5 

5 

±5 . 

±22 

±20 

±40 

4 

0 

TO-5 

LF256 

6.5 

5 typ 

20 

50 

25k 

5 

15 

5 

±5 

±22 

±20 

±40 

7 

0 

TO-5 

LF257 <A V > 5) 

6.5 

5 typ 

20 

50 

25k 

25 

75 

5 

±5 

±22 

±20 

±40 

7 

0 

TO-5 

DUAL OP AMPS 
















LM258 

7.5 

7 typ 

150 

500 

15k 

1 

0.5 

10-source 

3 

32 

V + 

32 

1.2 

0 

TO-5 DIP 









5— sink 

(±1.5) 

(±16) 

-1.5 





QUAD OP AMPS 
















LM224 

9 

7 typ 

150 

500 

15k 

1 

* 

10 

3 

32 

V + ~1.5 

32 

2 

0 

DIP F.P. 

LM246 

6 

7 typ 

100 

250 

50k 

0.5 

0.4 

1.2 

±2 

±18 

±1.5 

±30 

2.5 

0 

DIP 

LM248 

7.5 

15 typ 

125 

500 

15k 

1 

0.5 

5 

±5 

±18 

±18 

±36 

4.5 

0 

DIP 

LM249 

7.5 

15 typ 

125 

500 

15k 

4 

2 

5 

±5 

±18 

±18 

±36 

4.5 

0 

DIP 

LM2900 

* 

* 

* 

200 

1.2k 

2.5 

* 

3— source 

+4 

+36 

* 

* 

10 

0 

DIP 









0.5— sink 








LM2902 

10 

* 

±50 

500 

100k 

1 

* 

20— source 

3.0 

26 

-0.3V DC 

26V dc 

2 

0 

DIP 


<T a = 25°) 


(T A =25°C) 

(T a =25°C) 

typ 



. 8— sink 

single 

single 

to 














±1.5 

±13 

+26 V DC 














dual 

dual 






Note 1 : Inputs have shunt-diode protection; current must be limited. 












Note 2: Supply current for all channels of amplifier in the package. 












*Not specified 




• 
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Commercial Op Amp Selection Guide 


COMMERCIAL TEMPERATURE RANGE: 0°C< Ta<+70°C 


Device 

Input Input 

Offset Offset 

Voltage Voltage Drift 
Max Max 

(mV) (a/V/° C) 

Input 

Offset 

Current 

Max 

(nA) 

Input 

Bias 

Current 

Max 

(nA) 

Voltage 

Gain 

Min 

(Volts/V) 

Bandwidth 
Ay= 1 
Typ 
(MHz) 

Slew Rate 
Ay= 1 
Typ 
(V/jUs) 

Output 

Voltage 

Swing 

R L =10kft 

(V) 

Supply 
Voltage 
Min Max 

(V) (V) 

Common 

Mode 

Rejection 

Ratio 

(dB) 

Min 

Differential 

Input 

Voltage 

(V) 

Supply 
Current 
Ta = 25° C 
Max 
(mA) 
(Note 2) 

Compensation 

Components 

Package Types 

SINGLE OP AMPS 

LM201 10 

10 typ 

750 

200 

15k 

1 

0.5 

5 

±3 

±22 

±12 

±30 

3 

1 

TO-5 F. P. 

LM301A 

10 

30 

70 

300 

15k 

1 

0.5 

5 

±3 

±18 

±12 

±30 

3 

1 

TO-5 DIP 

LM302 

20 

20 typ 

* 

30 

0.9985 

10 

10 

1 

±12 

±18 

±10 

* 

5.5 

0 

TO-5 

LM307 

10 

30 

50 

250 

15k 

1 

0.5 

5 

±3 

±18 

±12 

±30 

3 

0 

TO-5 DIP F.P. 

LM308A 

0.73 

5 

1.5 

10 

60k 

1 

0.3 

1 

±2 

±20 

±14 

(Note 1) 

0.8 

1 

TO-5 DIP F.P. 

LM308 

10 

30 

1.5 

10 

15k 

1 

0.3 

1 

±2. 

±18 

±14 

(Note 1) 

0.8 

1 

TO-5 DIP F.P. 

LM310 

10 

10 typ 

* 

10 

0.999 

20 

30 

1 

±5 

±18 

±10 

*• 

5.5 

0 

TO-5 DIP F.P. 

LM312 

10 

30 

1.5 

10 

15k 

1 

0.3 . 

1 

±2 

±18 

±14 

(Note 1) 

0.8 

0 

TO-5 DIP F.P. 

LM316A 

6 


0.03 

0.1 

30k 

1 

0.3 

1 

±5 

±20 

±13 

(Note 1) 

0.6 

0 

TO-5 DIP F.P. 

LM316 

15 

* 

0.1 

0.25 

15k 

1 

0.3 

1 

±5 

±20 

±13 

(Note 1) 

0.8 

0 

TO-5 DIP F.P. 

LM318 

15 

* 

300 

750 

20k 

15 

50 

5 

±5 

±18 

±11.5 

(Note 1) 

10 

0 

TO-5 DIP 

LM321A 

0.65 

0.2 

1 

25 

12k 

0.5 

* 

* 

±5 ' 

±20 

±15 

±15 

2.2 

1 

TO-5 DIP F.P.,. 

(R S ET=70k) 

LM321 

2.5 

1 

4 

28 

12k 

0.5 

* 

* 

±5 

±20 

±15 

±15 

2.2 

1 

TO-5 DIP F.P. 

(R S ET=70k) 

LM343 

10 

* 

14 

55 

50k 

1 

2.5 

4 

±4 

±34 

±34 

±34 

5.0 

0 

TO-5 DIP F.P. 

LM344 

10 

* 

14 

55 

50k 

2 

, 30 

(R|_>5k) 

4 

±4 

±34 

±34 

±34 

5.0 

1 

TO-5 DIP F.P. 

LF351 

10 

10 typ 

0.1 

0.2 

25k 

4 

13 

(R|_>5k) 

±12 

-18 

18 

70 

±30 

3.4 

0 

H, N 

LF351A 

2 

10 typ 

0.05 

0.2 

50k 

4 

13 

±12 

-18 

18 

80 

±30 

2.8 

0 

H, N 

LF351B 

5 

10 typ 

0.1 

0.1 

50k 

4 

13 

±12 

-18 

18 

80 

±30 

2.8 

0 

H, N 

LF355A 

2.3 

5 

1 

5 

25k 

2.5 

5 

5 

±5 

±22 

±20 

±40 

4 

0 

TO-5, Mini-DIP 

LF355 

13 

5 typ 

2 

8 

15k 

2.5 

5 

5 

±5 

±18 

±16 

±30 

4 

0 

TO-5, Mini DIP 

LF356A 

2.3 

5 

1 

5 

25k 

5 

15 

5 

±5 

±22 

±20 

±40 

10 

0 

TO-5, Mini-DIP 

LF356 

13 

5 typ 

2 

8 

15k 

5 

15 

5 

±5 

±18 

±16 

±30 

10 

0 

TO-5, Mini-DIP 

LF357A 

2.3 

5 

1 

5 

25k 

25 

75 

5 

±5 

±22 

±20 

±40 

10 

0 

TO-5, Mini-DIP 

(A V > 5) 

LF357 

13 

5 typ 

2 

8 

15k 

25 

75 

5 

±5 

±18 

±16 

±30 

10 

0 

TO-5, Mini DIP 

(A V > 5) 
LF13741 

20 

10 typ 

2 

8 

15k 

1 

0.5 

5 

±4 

±18 

±16 

±30 

4 

0 

TO-5, Mini-DIP 


Note 1 : Inputs have shunt-diode protection; current must must be limited. *Not specified 




3-xi 


COMMERCIAL TEMPERATURE RANGE 0°C<T A <+70°C 

Device 

Input 

Offset 

Voltage 

Max 

(mV) 

Input 
. Offset 
Voltage Drift 
Max 
(jiV/° C) 

Input 

Offset 

Current 

Max 

(nA) 

Input 

Bias 

Current 

Max 

(nA) 

Voltage 

Gain 

Min 

(Volts/V) 

Bandwidth 

Av= 1 
Typ 
(MHz) 

Slew Rate 
Av=1 
Typ 
(V/jus) 

Output 
Voltage 
Swing 
R|_= 10 k£2 
(V) 

Supply 
Voltage 
Min Max 

(V) (V) 

Common 

Mode Differential 
Rejection Input 
Ratio Voltage 

(dB) (V) 

Min 

Supply 

Current 

Ta= 25°C Compensation 
Max Components 

(mA) 

(Note 2) 

Package Types 

SINGLE OP AMPS (Continued) 














LM709C 

10 

12 typ 

500 

1500 

15k 

1 

0.3 

5 

±9 

±18 

±8 

±5 

6.6 

3 

TO-5 DIP 

LM725C 

3.5 

2 typ 

50 

250 

125k 

0.5 

0.005 

5 

±3 

±22 

±13.5 

±5 

5 

4 

TO-5 DIP 

LM741C 

7.5 

15 typ 

300 

800 

15k 

1 

0.5 

5 

±3 

±18 

±12 

±30 

2.8 

0 

TO-5 DIP F.P. 

LM741E 

4 

15 

70 

210 

32k 

1 

0.5 

7.5 

+3 

±18 

±12 

±30 

3.75 

0 

TO-5 DIP F.P. 

LM748C 

6 

6 

0.5 

1.5 

25k 

1 

0.5 

5 

±3 

±18 

±12 

±30 

2.8 

1 

TO-5 DIP 

LM4250C 

6 

* 

8 

10 

50k 

0.1 

0.03 

0.12 

±1 

±18 

±12 

±15 

0.011 

0 

TO-5 DIP 








o 

A 

> 

< 

(RL>100k) 





(Set) 



DUAL OP AMPS 















LF353 

10 

10 typ 

0.1 

0.2 

25k ~ 

4 

13 

±12 

-18 

18 

70 

±30 

3.4 

0 

N, H 

LF353A 

2 

10 typ 

0.05 

0.2 

50k 

4 

13 

±12 

-18 

18 

80 

±30 

2.8 

0 

N, H 

' LF353B 

5 

10 typ 

0.1 

0.1 

50k 

4 

13 

±12 

-18 

18 

80 

±30 

2.8 

0 

N H 

LM358 

7.5 

7 typ 

150 

500 

15k 

1 

* 

8 

±1.5 

±15 

V + -1.5 

V + 

1.2 

0 

TO-5 DIP 

LM1458 

6 

# 

300 

800 

15k 

1 

0.2 

5 

±3 

±18 

±15 

±30 

5.6 

0 

TO-5 DIP 

LM747C 

6 

* 

300 

800 

15k 

1 

0.5 

5 

±3 

±18 

±12 

±30 

5.6 

0 

DIP 

LM747E 

4 

15 

70 

210 

32k 

1 

0.5 

7.5 

±3 

±18 

±12 

±30 

5.6 

0 

DIP 

QUAD OP AMPS 















LF347 

10 

10 typ 

0.01 

0.2 

25k 

4 

13 

±12 

-18 

18 

70 

±30 

3.4 

0 

N, J 

LF347A 

2 

10 typ 

0.05 

0.2 

50k 

4 

13 

±12 

-18 

18 

80 

±30 

2.8 

0 

N, J 

LF347B 

5 

10 typ 

0.1 

0.1 

50k 

4 

13 

±12 

-18 

18 

80 

±30 

2.8 

0 

N, J 

LM324 

9 

7 typ 

150 

500 

15k 

1 

* 

10-source 

3 

32 

V+-1.5 

32 

2 

0 

DIP F. P. 









5-sink 

(±1.5)(±16) 






LM346 

5 

10 typ 

100 

250 

100k 

0.8 

0.4 

±12 

-18 

18 

70 

±30 

0.62 

0 

N, J 

LM348 . 

7.5 

15 typ 

100 

400 

15k 

1 

* 

5 

±5 

±18 

±18 

±36 

4.5 

0 

DIPF. P. 

LM349 

7.5 

15 typ 

100 

400 

15k 

4 

3 

5 

±5 

±18 

±18 

±36 

4.5 

0 

DIP F. P. 

(A V > 5) 
















LM3900 

* 

* 

* 

200 

2.8k 

2.5 

'20 

10 

4 

36 

. * 

* 

10 

0 

DIP 










(±2) 

(±18) 






Note 2: Supply current for all channels of amplifier in the package 
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Special Function Operational Amplifier 
and Special Function Buffer Amplifier Guides 


SPECIAL FUNCTION OPERATIONAL AMPLIFIERS 



Input 

Offset 

Input 

Offset 

Voltage 

Drift 

owrq 

Input 

Offset 

Current 

Max 

<nA) 

Input 

_Bias 

Voltage 

Bandwidth 

Slew Rate 

Output 

Current 

(mA) 

Supply Voltage 

^ Temperature Range 

* 

Features 

V M'ax* 

(mV) 

Max 

<nA) 

Min 

(Volts/mV) 

(MHz) 

<vTs) 

Min 

(V) 

Max 

(V) 

— 55°C to 
125°C 

-25°C to 
85°C 

0°C to 

70 °C 

Page 

Number 

Micropower Low Drift 

1 

4 

20 

100 

25 

1 

0.25 

±5 

±5 

±20 

LH0001 



1-4 


2.5 

3 

20 

100 

25 

1 

0.25 

±5 

±5 

±20 

LH0001A 



1-7 


5 

3 

60 

200 

25 

1 

0.25 

±5 ' 

±5 

±20 


LH0001AC 


1-7 

Wideband 

3 

4 

200 

2000 

15 

30 

30 

±100 

±5 

±20 

LH0003 

LH0003C 


1-10 

High Voltage 

1 

4 

20 

100 

30 

1 

0.25 

±15 

±5 

±45 

LH0004 



1-12 


1.5 

4 

45 

120 


1 

0.25 

±15 

±5 

±45 


LH0004C 


1-12 

Wideband 

3 

10 

5 

25 

4 

30(1) 

20(1) 

±50 

' ±9 

±20 

LH0005A 



1-15 


10 

20 

20 

50 

2 

30(1) 

20(1) 

±50 

±9 

±20 

LH0005 



1-15 


10 

25 

25- 

100 

2 

30(1) 

20(1) - 

±50 

±9 

±20 


LH0005C 


1-18 

High Gain Medium Power 

2.5 

10 

50 

250 

100 

1 

0.25 

±40 

±5 

±22 

LH0020 



1-20 


6 

10 

200 

500 

50 

1 

0.25 

±40 

±5 

±22 


LH0020C 


1-20 

High Power 

3 

3 

100 

300 

100 

1 

3 

. ±1000 

±5 

±18 

LH0021 



1-22 


6 

5 

200 

500 

100 

1 

3 

±1000 

±5 

±18 


LH0021C 


1-22 


3 

3 

100 

300 

100 

1 

3 

±200 

±5 

±18 

LH0041 



1-22 


6 

5 

200 

500 

100 

1 

3 

±200 

±5 

±18 


LH0041C 


1-22 


4 

5 

100 

300 

50 

15 

70 

±500 

±5 

±18 

LH0061 



1-61 


10 

5 

200 

500 

25 

15 

70 

±500 

±5 

±18 


LH0061C 


1-61 

General Purpose FET Input 

4 

5 

0 002 

0.01 

100 

1 

3 

±10 

±5 

±22 

LH0022 



1-29 


6 

5 

0.005 

0.025 

75 

1 

3 

±10 

±5 

±22 


LH0022C 


1-29 


20 

5 

0.005 

0.025 

50 

1 

3 

±10 

±5 

±22 

LH0042 



1-29 


20 

10 

0.01 

0.05 

25 

1 

3 

±10 

±5 

±22 


LH0042C 


1-29 


0.5 

2 

0.0005 

0.0025 

100 

1 

3 

±10 

±5 

±22 

LH0052 



1-29 


1 

5 

0.001 

0.005 

75 

1 

3 

±10 

±5 

±22 


LH0052C 


1-29 

Wideband High Slew Rate 

4 

20 

5,000 

30,000 

4 

50 

500 

±10 

±9 

±18 

LH0024 



1-36 


8 

25 

15,000 

40,000 

3 

50 

400 

±10 

±9 

±18 


LH0024C 


1-36 

Wideband FET Input 

5 

25 

0.025 

0.1 

1 

70 

500 

±10 

±5 

±18 

LH0032 



1-39 


15 

25 

0.05 v 

0.2 

1 

70 

500 

±10 

±5 

±18 


LH0032C 


1-39 

Precision FET Input 

0.05 

0.2 

5 

30 

500 

0.4 

, 0.06 

±1.3 

±3 

±20 

LH0044 



1-44 


0.1 

0.2 

5 

30 

500 

0.4 

0.06 

±1.3 

±3 

±20 


LH0044C 


1-44 


0.025 

0.1 

2.5 

15 

1,000 

0.4 

0.06 

±1.3 

±3 

±20 

LH0044A 



1-44 


0.025 

0.1 

2.5 

15 

1,000 

0.4 

0.06 

±1.3 

±3 

±20 


LH0044AC 


1-44 


0.05 

0.2 

5 

30 

500 

0.4 

0.06 

±1.3 

±3 

±20 


LH0044B 


1-44 

Medium Speed, FET Input 

5 

5 

0.002 

0.01 

50 

15 

70 

±6 

±5 

±20 

LH0062 



1-64 


15 

10 

0.005 

0.065 

25 

15 

70 

±6 

±5 

±20 


LH0062C 


1-64 

Dual Precision 

2 . 

' 15 

10 

75 

50 

1 

0.5 

±5 

±3 

±22 

LH2101A 



1-72 


2 

15 

10 

75 

50 

1 

0.5 

±5 

±3 

±22 


LH2201A 


1-72 


7.5 ' 

30 

50 

250 

25 

1 

0.5 

±5 

±3 

±22 



LH2301A 

1-72 


0.5 

5 

0.2 

2 

80 

1 

0.3 

±1 

±2 

±20 

LH2108A 



1-74 


0.5 

5 

0.2 

2 

80 

1 

0.3 

±1 

±2 • 

±20 


LH2208A 


1-74 


0.5 

5 

1.0 

7 

80 

1 

0.3 

±1 

±2 

±20 



LH2308A 

1-74 


2 

15 

0.2 

2 

50 

1 

0.3 

±1 

. ±2 

±20 

LH2108 



1-74 


2 

15 

0.2 

2 

50 

1 

0.3 

±1 

±2 

±20 


LH2208 


1-74 


7.5 

30 

1.0 

7 

50 

1 

0.3 

±1 

±2 

±20 



LH2308 

1-74 

Dual Low Power 

3 

_ 

5 

15 

100 

0.25 

0.16 

±0.75 

±1 

±18 

LH24250 



1-76 


6 

- 

10 

30 

75 

0.25 

0.16 

±0.75 

±1 

±18 


LH24250C 


1-76 


Note: For information on mdnolithic operational amplifiers, consult the Linear Databook. 
Note 1: Specified for A v = -10. 


‘Refers to Special Functions Databook, 1979 edition 


SPECIAL FUNCTION BUFFER AMPLIFIERS 


Features 

Voltage 

Gain 

(min) 

Output' 

Current 

Slew 

Rate 

Input 

Impedance 

Part Number 

* 

Page 

Number 

— 55°C to 
125 °C 

-25°C to 
B5°C 

Bipolar Input, medium speed 

0.95 

± 100 mA 

200 V/^s 

180 KQ 

LH0002H 

LH0002CH 

2-4 







LH0002CN 

2-4 

FET Input, high speed 

0.97 

± 100 m A 

lOOOV/ps 

10 10 Q 

LH0033G 

LH0033CG 

2-7 







LH0033CJ 

2-7 

FET Input, very high speed 

0.95 

± 250 mA 

2000 V/ps 

10 10 « 

LH0063K 

LH0063CK 

2-7 


‘Refers to Special Functions Databook, 1979 edition 
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National 

Semiconductor 


Operational Amplifiers/Buffers 


Definition of Terms 

Bandwidth: That frequency at which the voltage gain 
is reduced to 1/\/2 times the low frequency value. 

Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change 
in input offset voltage over this range. 

i 

Harmonic Distortion: That percentage of harmonic 
distortion being defined as one-hundred times the ratio 
of the root-mean-square (rms) sum of the harmonics to 
the fundamental. % harmonic distortion = 

(V2 2 + V3 2 + V4 2 + . . .) 1/2 (100%) 

VI 

where VI is the rms amplitude of the fundamental and 
V 2, V3, V4 # ... are the rms amplitudes of the individual 
harmonics. 

Input Bias Current: The average of the two input 
currents. 

Input Common-Mode Voltage Range: The range of 
voltages on the input terminals for which the amplifier 
is operational. Note that the specifications are not 
guaranteed over the full common-mode voltage range 
unless specifically stated. 

Input Impedance: The ratio of input voltage to input 
current under the stated conditions for source resistance 
(Rs) and load resistance ( R [_) . 

Input Offset Current: The difference in the currents 
into the two input terminals when the output is at zero. 

Input' Offset Voltage: That voltage which must be 
applied between the input terminals through two equal 
resistances to obtain zero output voltage. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 


Large-Signal Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage required 
to drive the output from zero to this voltage. 

Output Impedance: The ratio of output voltage to 
output current under the stated conditions for source 
resistance (Rs) and load resistance ( R i_). 

Output Resistance: The small signal resistance seen at 
the output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, 
referred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift 
rate of offset voltage for a thermal variation from room 
temperature to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in 
input offset voltage to the change in power supply 
voltages producing it. 

Settling Time: The time between the initiation of the 
input step function and the time when the output 
voltage has settled to within a specified error band of 
the final output voltage. 

Slew Rate: The internally-limited rate of change in 
output voltage with a large-amplitude step function 
applied to the input. 

Supply Current: The current required from the power 
supply to operate the amplifier with no load and the 
output midway between the supplies.. 

Transient Response: The closed-loop step-function 
response of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to 
the frequency where the amplifier open loop gain rolls 
off to one. 


Input Voltage Range: The range of voltages on the 
input terminals for which the amplifier operates within 
specifications. 


Voltage Gain: The ratio of output voltage to input 
voltage under the stated conditions for source resis- 
tance (Rs) and load resistance (R|_). 
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National Operational Amplifiers/ Buffers 

Semiconductor 

LF155/LF156/LF157 Series Monolithic 
JFET Input Operational Amplifiers 

LF155, LF155A, LF255, LF355, LF355A, LF355B low supply current 

LF156, LF156A, LF256, LF356, LF356A, LF356B wide band 

LF157, LF157A, LF257, LF357, LF357A, LF357B wide band decompensated (Av M1N = 5) 

General Description 

These are the first monolithic JFET input operational 
amplifiers to incorporate- well matched, high voltage 
JFETs on the same chip with standard bipolar transistors 
(BI-FET Technology). These amplifiers feature low input 
bias and offset currents, low offset voltage and- offset 
voltage drift, coupled with offset adjust which does not 
degrade drift or common-mode rejection. The devices 
are also designed for high slew rate, wide bandwidth, 
extremely fast settling time, low voltage and current 
noise and a low 1/f noise corner. 

Advantages 

■ Replace expensive hybrid and module FET op amps 

■ Rugged JFETs allow blow-out free handling compared 
with MOSFET input devices 

■ Excellent for low noise applications using either high 
or low source impedance— very low 1/f corner 

■ Offset adjust does not degrade drift or common-mode 
rejection as in most monolithic amplifiers 

■ New output stage allows use of large capacitive loads 
(10,000 pF) without stability problems 

■ Internal compensation and large differential input 
voltage capability 

Applications 

■ Precision high speed integrators 

■ Fast D/A and A/D converters 

■ High impedance buffers 

■ Wideband, low noise, low drift amplifiers 

■ Logarithmic amplifiers 


Simplified Schematic 



*C = 2 pF on LF157 


■ Photocell amplifiers 

■ Sample and Hold circuits 


Common Features 

(LF155A, LF156A, LF157A) 

■ Low input bias current 30 pA 

■ Low Input Offset Current 3 pA 

■ High input impedance 10^n 

■ Low input offset voltage 1 mV 

■ Low input offset voltage temperature 3/iV/°C 

drift 

■ Low input noise current 0.01 pA/\/Hz 

■ High common-mode rejection ratio 100 dB 

■ Large dc voltage gain . 106 dB 


Uncommon Features 

LF167A 

LF155A LF156A UNITS 

(Av = 5)* 

■ Extremely 4 1.5 1.5 ps 

fast settling 

' time to 

0 . 01 % 

■ Fast slew 


rate 

5 

12 

50 

V/fJLS 

■ Wide gain 
bandwidth 

2.5 

5 

20 

MHz 

■ Low input 
noise voltage 

20 

12 

12 

nV/\/Hz 






LF1 55/L FI 56/LF1 57 Series 




LF155/LF156/LF157 Series 


Absolute Maximum Ratings 

LF155A/6A/7A 

LF 155/6/7 

L F355B/6B/7B 
LF255/6/7 
LF355B/6B/7B 

LF355A/6A/7A 

LF355/6/7 

Supply Voltage 

±22V 

±22V 

±22V 

+18V 

Power Dissipation (Pd at 25°C) 
and Thermal Resistance (0 ja) (Note 1) 





TjMAX 





(H and J Package) 

1 50° C 

1 50° C 

1 15° C 

1 15°C 

(N Package) 



100°C 

100°C 

(H Package) Pd 

670 mW 

670 mW 

570 mW 

570 mW 

0 jA 

150°C/W 

1 50° C/W 

150° C/W 

150° C/W 

(J Package) Pd 

670 mW 

670 mW 

. 570 mW 

570 mW 

0 jA 

1 40° C/W 

140° C/W 

‘ 140° C/W 

140° C/W 

(N Package) Pd 



500 mW 

500 mW 

e \A 



155° C/W 

155° C/W 

Differential Input Voltage 

. ±40V 

±40V 

+40V 

±30V 

Input Voltage Range (Note 2) 

±20V 

±20V 

±20V 

±16V 

Output Short Circuit Duration 

Continuous 

Continuous 

Continuous 

Continuous 

Storage Temperature Range 

-65° C to +150°C 

-65°C to +150°C 

-65°C to +150°C 

-65° C to +150°( 

Lead Temperature (Soldering, 10 seconds) 

300° C 

; 300° C 

300° C 

300° C 

DC Electrical Characteristics 

(Note 3) 








| LF155A/6A/7A | 

| LF355A/6A/7A | 





MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNIT3 

Vos 

Input Offset Voltage 

RS = 50ft, T A = 25°C 


1 

2 


1 

2 

mV 



Over Temperature 



2.5 



2.3 

mV 

AVos/AT 

Average TC of Input 

Offset Voltage 

R S = 50ft 


3 

5 


3 

5 

AtV/°C 

ATC/AVos 

Change in Average TC 

R S = 50ft, (Note 4) 


0,5 



0.5 


juV/°C 


with Vos Adjust 








per mV 

'OS 

Input Offset Current 

Tj = 25°C, (Notes 3, 5) 


3 

10 


. 3 

10 

pA 



Tj<THIGH 



10 



1 

nA 

'B 

Input Bias Current 

Tj = 25° C, (Notes 3, 5) 


30 ' 

50 


30 

50 

pA 



tj< thigh 



25 



5 

nA 

Rin 

Input Resistance 

Tj = 25°C 


10 1 * 



10« 


ft 

a V 0 L 

Large Signal Voltage 

Vs = ±15 V,Ta = 25°C 

50 

200 


50 

200 


V/mV 


Gain 

Vo = ±10V, R|_ = 2k 

Over Temperature 

25 



25 



V/mV 

vo 

Output Voltage Swing 

V S = ±15V, R L = 10k 

±12 

±13 


±12 

±13 


V 



Vs = ±15V, R[_ = 2k 

±10 

±12 


±10 

±12 


V 

V C M 

Input Common-Mode 
Voltage Range 

Vs = ±1.5V . 

±11 

*15,1 

-12 


±11 

*15,1 

-12 


V 

V 

CMRR 

Common-Mode Rejection 

Ratio 


85 

100 


85 

TOO 


dB 

PSRR 

Supply Voltage Rejection 

Ratio 

(Note 6) 

85 

100 


85 

100 


dB 


AC Electrical Characteristics t a = 25°c, vs = ±i5v 


SYMBOL 

PARAMETER 

CONDITIONS 

j LF155A/355A | 

| LF156A/356A | 

! LF157A/357A j 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

SR 

Slew Rate 

LF155A/6A;A V = 1, 

3 

5 V' 


10 

12 





V/ms 



LF157A;Av = 5 







40 

50 


V/jus 

GBW 

Gain Bandwidth 



2.5 


4 

4.5 


15 

20 


MHz 


Product 












ts 

Settling Time to 0.01% 

(Note 7) 


4 



1.5 



1,6 


Ats 

e n 

Equivalent Input Noise 

RS= 100ft 












Voltage 

f = 100 Hz 


25 



15 



15 


nV/VHz 



f= 1000 Hz ’ 


25 



12 

1BH 


12 


nV/VHz 

in 

Equivalent Input 

f = 100 Hz 

1 

0.01 

1 


0,01 



0.01 

I ■ 

pA/\/Hz 


Noise Current 

f= 1000 Hz 


0.01 



0.01 



0.01 


pAA/Hz 

C|N 

Input Capacitance 


■ 

3 

m 


3 

■ 


3 

i 

pF 


3-2 



DC Electrical Characteristics (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LF155/6/7 

LF255/6/7 

LF355B/6B/7B 

LF355/6/7 

UNITS 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Vos 

Input Offset Voltage 

RS = 500. T A = 25° C 


3 

5 


3 

5 


3 

10 

mV 


, 

Over Temperature 



7 



6.5 



13 

mV 

AVos/AT 

Average TC of Input 
Offset Voltage 

R S = 500 


5 



5 



5 

. 

pV/°C 

ATC/AVos 

Change in Average TC 

RS = 500. (Note 4) 


0.5 



0.5 ! 



0.5 | 


pV/°C 


with Vos Adjust 









i 


per mV 

ios 

Input Offset Current 

Tj = 25°C, (Notes 3, 5) 


3 

20 


3 

20 


3 

50 

PA 



Tj< thigh 



20 


j 

1 



2 

nA 

'B 

Input Bias Current 

Tj = 25° C, (Notes 3, 5) 


30 

100 


30 j 

100 


30 

200 

pA 



tj< thigh 



50 



5 



8 

nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 



10 12 



10 12 


n 

av 0 l 

Large Signal Voltage 

V S = ±15V,T A = 25°C 

50 

200 


50 

200 


25 

200 


V/mV 


Gain 

Vo = ±10V, R(_ = 2k 
Over Temperature 

25 



25 



15 



V/mV 

vo 

Output Voltage Swing 

Vs= ±15V, Rl= 10k 

±12 

±13 


±12 

±13 


±12 

±13 


V 



V S = ±15V, R|_ = 2k 

±10 

±12 


±10 

±12 


±10 

+12 


V 

VCM 

Iqput Common-Mode 
Voltage Range 

Vs = ±15V 

±11 

+15.1 

-12 


±11 

+15.1 

-12 


±10 

+15.1 

-12 


V 

V 

CMRR 

Common-Mode Rejec- 
tion Ratio 


85 

100 


85 

100 


80 

100 


dB 

PSRR 

Supply Voltage Rejec- 

Ratio 

(Note 6) 

85 

100 


85 

100 


80 

100 


dB 


DC Electrical Characteristics t a = 25 °c, v s = ±i 5 v 


PARAMETER 

LF155 A/155, 
LF255, 

LF355A/355B 

LF355 

LF156A/156, 

LF256/356B 

LF356A/356 

LF 157 A/1 57 
LF257/357B 

LF357 A/357 

UNITS 




BB9 


KQ9 

MAX 

BE9I 

MAX 

BOH 

MAX 


MAX 


Supply Current 

2 

4 

m 

n 

D 

7 

m 

10 

n 

' 7 

m 

10 

mA 


AC Electrical Characteristics t a = 25°c. vs = ±isv 


SYMBOL 

PARAMETER 

CONDITIONS 

LF155/255/ 

355/355B 

LF156/256, 

LF356B 

LF1 56/256/ 

356/356B 

LF1 57/257, 

LF357B 

LF157/257/ 

357/357B 

UNITS 

TYP 

MIN 

TYP 

MIN 

TYP 

SR 

Slew Rate 

LF155/6: Av = 1, 

5 

7.5 

12 



V/ps 



LF157: Av = 5 




30 

50 

V//US 

GBW 

Gain Bandwidth 


2.5 


5 


20 

MHz 


Product 








ts 

Settling Time to 0.01% 

(Note 7) 

4 


1,5 


1.5 

ps 

e n 

Equivalent Input Noise 

Rs= ioon 








Voltage 

f = 100 Hz 

25 


15 


15 

nV/VRi 



f = 1000 Hz 

20 


12 


12 

nV/VRz 

•n 

Equivalent Input 

f = 100 Hz 

0.01 


0,01 


0,01 

pA/\/Hz 


Current Noise 

f = 1000 Hz 

0.01 


0.01 


0.01 

pA/\/Hz 

C|N 

Input Capacitance 


3 - 


3 


3 

pF 
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LF155/LF156/LF157 Series 


Notes for Electrical Characteristics 

Note 1: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tj|\/| A x, 0 jA» and the 
ambient temperature, T A . The maximum available power dissipation at any temperature is Pj = (TjMAX ~ T A )/0j A or the 25°C PdMAX* which- 
ever is less. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: Unless otherwise stated, these test conditions apply: 



LF155A/6A/7A 

L FI 55/6/7 

LF255/6/7 

LF355A/6A/7A 

LF355B/6B/7B 

LF355/6/7 

±15V< V S < ±20V 

±15V < V s < ±20V 

±15V < V s < ±18V 

±15V < V s ±20V 

V S = ±15V 

— 55°C <T a <+125°C 

— 25°C < T A < +85° C 

0°C< T A < +70°C 

0°C<T A <+70°C 

0°C < T A < +70° C 

+125°C 

+85° C 

+70° C 

+70° C 

+70° C 


and Vqs» •b and •OS are measured at V CM = °- 

Note 4: The Temperature Coefficient of the adjusted input offset voltage changes only a small amount (0.5juV/°C typically) for each mV of 
adjustment from its original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment. 
Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. 
Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, Pd. Tj = T A + ©j A Pd where 0j A is the thermal 
resistance from junction to ambient. Use of a heat sirtk is recommended if input bias current is to be kept to a minimum. 

Note 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common 
practice. 

Note 7: Settling time is defined here, for a unity gain inverter connection using 2 k£2 resistors for the LF155/6. It is the time required for the error 
voltage (the voltage at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from the time a 10V step input is applied 
to the inverter. For the LF157, Ay = —5, the feedback resistor from output to input is 2 k£2 and the output step is 10V (See Settling Time Test 
Circuit, page 3-9). 

Typical DC Performance Characteristics 

Curves are for LF155, LF156 and LF157 unless otherwise specified. 


Input Bias Current 


±20V S ^I 

asvsQ" 

-±iov s ^£ 

l ±5v s->^@ 


CASE TEMPERATURE (°C) 


Input Bias Current 





A 





! 

LF156/7 
1 


Input Bias Current 



-25 5 35 65 95 125 

CASE TEMPERATURE (°C) 


COMMON-MODE VOLTAGE (V) 


Voltage Swing 


Supply Current 


Supply Current 


r l 

— 1 — 

= 2k 






u 

= 25°C 

1 





7 







7 







7 







7_ 






> 

7 






















5 10 15 20 

SUPPLY VOLTAGE (±V) 



5 10 15 20 25 

SUPPLY VOLTAGE (±V) 



5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Negative Current Limit 

’ Li I I I '' S - ;,sv I 


Positive Current Limit 



Positive Common-Mode Input 
Voltage Limit 


-55° 

C<T/ 

<125 

r c 


7 





7 









Jl 






7 





7 


























GAIN BANDWIDTH (MHz) . NEGATIVE COMMON-MODE 

OUTPUT VOLTAGE SWING (5V/DIV) OUTPUT VOLTAGE SWING (50 mV/DIV) INPUT VOLTAGE LIMIT (V) 


Typical DC Performance Characteristics (Continued) 


Negative Common-Mode Input 
Voltage Limit 


Open Loop Voltage Gain 


Output Voltage Swing 


m 

■ 

■ 

i 

in 

rii 

m 

in 

in 

B1 

III 

III 

III 

i 

in 

in 

III 

i 

in 

in 

III 


NEGATIVE SUPPLY VOLTS (V) 


SUPPLY VOLTAGE (±V) 


OUTPUT LOAD R L (kO) 


rpical AC Performance Characteristics 


Gain Bandwidth 


-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Gain Bandwidth 


LF157 CURVES IDENTICAL 
BUT MULTIPLIED BY 4 


-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


Normalized Slew Rate 


-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


LF155 Small Signal Pulse Response, 
A V = +1 




LF156 Small Signal Pulse Response, 
A V =+1 


LF157 Small Signal Pulse Response, 
A y = +5 



pH 

mi 



- 


11 


|| 



r 





/ 


**1 

1 


V. 

\ 

— 


LF155 Large Signal Pulse Response, 
A V = +1 


LF 156 Large Signal Pulse Response, 
Ay = +1 


LF157 Large Signal Pulse Response, 
Ay - +5 





■ 

m 


111 | \ 

if 

I 





TIME (1 ps/DIV) 


TIME (1 ps/DI V) 


TIME (0.5 ms/OIV) 


LF155/LF156/LF157 Series 





SBH 

I^HH 

H 

SB 

9fl 

HW 

\§sm 

Hi 

'VilHS 

Hi 

ion 

Hi! 

!\\B 

H 

IKS« 

Hi 

IHitX 

Hi 

IH1BH 

IHil 





■ 

hhi 

W^j|jMB 

■ 

HI 

■ 

HI 

hb 

hhh 


hbh 


hbbn 

\m 

■ 

HBi 

HH 

MB 


Hi 

■1 

kW 

IBM 

hhb 

■ 



ESBI 

HBI 



HBH 

■HI 

1 



IBH 


PHASE (DEGREES) 








OUTPUT IMPEDANCE (n) 




C = 2 pF on LF157 


Connection Diagrams (Top Views) 

Metal Can Package (H) 


Order Number 

LF155AH LF156AH LF157AH balance m W V+ 

LF155H LF156H LF157H 

LF255H LF256H LF257H input ( 2 ] 

LF355AH LF356AH LF357AH >C JT 

LF355H LF356H LF357H V\ r\ 

See NS Package H08C 


Note 4: Pin 4 connected to case. 


Dual-In-Line Package (N or J) 



Order Number LF355N, LF356N 
or LF357N 
See NS Package N08B 


LF155/LF156/LF157 Series 






LF155/LF156/LF157 Series 


Application Hints 

The LF1 55/6/7 series are op amps with JFET input 
devices. These JFETs have large reverse breakdown 
voltages from gate to source and drain eliminating the 
need for clamps across the inputs. Therefore large 
differential input voltages can easily be accomodated 
without, a large increase in input current. The maximum 
differential input voltage is independent of the supply 
voltages. However, neither of the input voltages should 
be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a 
destroyed unit. 

Exceeding the negative common-mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the corresponding 
high or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 
high state. In neither case does a latch occur since 
raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output however, 
if both inputs exceed the limit, the output of the 
amplifier will be forced to a high state. 

These amplifiers will operate with the common-mode 
input voltage equal to the positive supply. In fact, the 
common-mod^ voltage can exceed the positive supply by 
approximately 100 mV independent of supply voltage 
and over the full operating temperature range. The 
positive supply can therefore be used as a Reference on 
an input as, for example, in a supply current monitor 
and/or limiter. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 


in polarity or that the unit is not inadvertently installed 
backwards in a socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input , op amps they do not require special handling. 

All of the bias currents in these amplifiers are set by FET 
current sources. The drain currents for the amplifiers are 
therefore essentially independent of supply voltage. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pickup” and maximize the 
frequency of the feedback pole by minimizing the 
capacitance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to ac ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the feedback pole 
is less than approximately six times the expected 3 dB 
frequency a lead capacitor should be placed from the 
output to the input of the op amp. The value of the 
added capacitor should be such that the RC time 
constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant; 


Typical Circuit Connections 


Vqs Adjustment 

v + 



• Vqs is adjusted with a 25k 
potentiometer 

• The potentiometer wiper is 
connected to V + 

• For potentiometers with 
temperature coefficient of 
100 ppm/°C or less the 
additional drift with adjust 
is 0.5 juV/°C/mV of 
adjustment 

• Typical overall drift: 5 mV/ 
°C ±(0.5 mV/° C/mV of 
adj.) 


Driving Capacitive Loads 


LF157. A Large Power BW Amplifier 


5k 



*LF155/6 R=5k 
LF157 R = 1.25k 

Due to a unique output stage design, these ampli- 
fiers have the ability to drive large capacitive loads 
and still maintain stability. C[_(|yi/\x) - 0.01 nF. 

Overshoot < 20% 

Settling time (t s ) = 5 ms 


10k 



For distortion < 1% and a 20 Vp-p 
VquT swing., power bandwidth is: 
500 kHz. 
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Typical Applications 


Settling Time Test Circuit 


2k. 0.1% JV. T 

■400,0.1% , 


-15V O' ■ ■» — 
SUMMING E1 . . 

NODE — ^ 5k 0.1/, 


Settling time is tested with the LF155/6 connected 
as unity gain inverter and LF157 connected for 
A V = -5 

FET used to isolate the probe capacitance 
Output = 10V step 
A V - — 5 for LF157 


OSCILLOSCOPE ■ — ► 2N4416 


Large Signal Inverter Output, VquT ^ r °m Settling Time Circuit) 
, LF356 



Low Drift Adjustable Voltage Reference 



AVqut/AT = ±0.002%/° C 

All resistors and potentiometers should be wire-wound 
PI : drift adjust 
P2: Vquj adjust 
Use LF1 55 for 

* Low lg 

* Low drift 

Low supply current 
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LF155/LF156/LF157 Series 





LF155/LF156/LF157 Series 


Typical Applications (Continued) 


Fast Logarithmic Converter 



R, 

50k 



VREF = 5V 


• Dynamic range: 100 juA < I; < 1 mA 
(5 decades), |Vol = IV/decade 

• Transient response: 3 jus for Alj = 1 decade 

• Cl, C2, R2, R3: added dynamic compen- 
sation 

• Vqs adjust the LF156to minimize quiescent 
error 

• Rj: Tel Labs type Q81 + 0.3%/° C 


IVqutI = 



In V| 


Rr 

Vref Ri 


= log Vj 


1 

R Vw 


R2 = 15.7k, R-p = Ik, 0.3%/°C (for temperature compensation) 


Precision Current Monitor 


's 



• V 0 = 5 R1/R2 (V/mAof l S ) 

• RI, R2, R3: 0.1% resistors 

• Use LF155 for 

± Common-mode range to supply range 
± Low lg 
* Low Vqs 
a Low supply current 


8-Bit D/A Converter with Symmetrical Offset Binary Operation 



• _ RI , R2 should be matched within ±0.05% 

• Full-scale response time: 3 jus 


E o 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

COMMENTS 

+9.920 

1 

1 

1 

1 

1 

1 

1 

1 

Positive Full-Scale 

+0.040 

1 

0 

0 

0 

0 

0 

0 

0 

(+) Zero-Scale 

-0.040 

0 

1 

1 

1 

1 

1 

1 

1 

(— ) Zero-Scale 

-9.920 

0 

0 

0 

0 

0 

0 

0 

0 

Negative Full-Scale ' 


>' 
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Typical Applications (Continued) 

Wide BW Low Noise, Low Drift Amplifier 


C2 



Sr 

• Power BW: f MAX = — = 240 kHz 


• Parasitic input capacitance Cl = (3 pF for 
LF155, LF156 and LF157 plus any additional 
layout capacitance) interacts with feedback 
elements and creates undesirable high frequency 
pole. To compensate add C2 such that: R2C2 = 
R1C1 . 


Isolating Large Capacitive Loads 


R2 

5.1k 



• t s 10|us 

• When driving large C(_, the Vqut slew rate deter- 
mined by Cl. and loUT(MAX) : 

AVnUT InUT 0-02 , , 

= = V/ps = 0.04 V/ps (with Cl shown) 

AT Cl 0.5 


Low Drift Peak Detector 


Boosting the LF156 with a Current Amplifier 

R2 

5.1k 



AVouT 0.15 

• = V/jus (with Cl shown) 

AT 10- 2 


• No additional phase shift added by the current amplifier 



• By adding D1 and Rf, Vp-] = 0 during hold mode. Leakage of 
D2 provided by feedback path through Rf. 

• Leakage of circuit is essentially 1^ (LF155, LF156) plus capaci- 
tor leakage of Cp. 

• Diode D3 clamps Vqut (A1)to V||\j— V q 3 to improve speed and 
to limit reverse bias of D2. 

• Maximum input frequency should be « 1/27rRfCD2 where 
Cq2 is the -shunt capacitance of D2. 


3 Decades VCO 



Vr R8+R7 

f = ^ , 0 < V c < 30V, 10 Hz < f < 10 kHz 

[8 Vpu R8 R1 ] C “ “ “ 

R1, R4 matched. Linearity 0.1% over 2 decades. 


Non-Inverting Unity Gain Operation for LF157 



R1C> 

“ (2ir) (5 MHz) 

4 

AV(DC) = 1 
f -3dB~ 5 ' MHz 


LF157 

1 

R1 C > 

~ (2tr) (5 MHz) 



a V(DC) = - 1 
f — 3 dB - 5 MHz 
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LF155/LF156/LF157 Series 






LF155/LF156/LF157 


Typical Applications (Continued) 


High Impedance, Low Drift Instrumentation Amplifier 



R3 f 2R2 1 _ . 

• v OUT = ~j^" |“^j“ + M AV, V + 2V < V|n common-mode < V 

• System Vqs adjusted via A2 Vqs adjust 

• Trim R3 to boost up'CMRR to 120 dB. Instrumentation amplifier 
Resistor array RA201 (National Semiconductor) recommended 


Fast Sample and Hold 



Both amplifiers (A1,'A2) have feedback loops individually closed with stable responses (over- 
shoot negligible) 

Acquisition time T/\, estimated by: 


1 V|N 1 Ch j 1 
S r 


12 

provided that: 


V| N < 27 rS r RqN ^h and T/^ > 


If inequality not satisfied: 


VlNCh 

•OUT(MAX) 

, v, N c h 


r 0 n is °f swi 


LF156 developes full S r output capability for Vjn > IV 

Addition of SW2 improves accuracy by putting the voltage drop across SWI inside the feedback 
loop 

Overall accuracy of system determined by the accuracy of both amplifiers, A1 and A2 
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Typical Applications (Continued) 

High Accuracy Sample and Hold 


Ri 

51k 



• By closing the loop through A2, the VquT accuracy will be determined uniquely by A1 . 
No Vqs adjust required for A2.^ 

• Tyty can be estimated by same considerations as previously but, because of the added 
propagation delay in the feedback loop (A2) the overshoot is not negligible. 

• Overall system slower than fast sample and hold 

• RI, Cq: additional compensation 

• UseLF156for 

a Fast settling time 
A Low Vqs 


i 

High Q Band Pass Filter 



High Q Notch Filter 



• 2R1 = R = 10 

2C = Cl = 300 pF 

• Capacitors should be matched to obtain high Q 

• ^NOTCH = ^20 Hz, notch = —55 dB, Q > 100 

• Use LF155 for 
A Low Ib 

A Low supply current 
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LF155/LF156/LF157 Series 



LF347 


Kn National Operatii 

JlA Semiconductor 

LF347 Wide Bandwidth Quad JFET 
Input Operational Amplifier 

General Description Featui 

The LF347 is a low cost, high speed quad JFET input ■ Intern 

operational amplifier with an internally trimmed input ■ Low ii 

offset voltage (BI-FET II™ technology). The device B Low ii 

requires a low supply current and yet maintains a large m 

gain bandwidth product and a fast slew rate. In addition, 0W 11 

well matched high voltage JFET input devices provide m ^ide - 

very low input bias and offset currents. The LF347 is ■ High s 

pin compatible with the standard LM348. This feature ■ Low si 

allows designers to immediately upgrade the overall ■ High ii 

performance of existing LM348 and LM324 designs. m t 

p L 

The LF347 may be used in applications such as high m 
speed integrators, fast D/A converters, sample-and-hold ~°' A ' ! 

circuits and many other circuits requiring low input " Fast se 
offset voltage, low input bias current, high input imped- 
ance, high slew rate and wide bandwidth. The device 
has low noise and offset voltage drift. 


Operational Amplifiers/ Buffers 



Features 



Internally trimmed offset voltage 

2 mV 


Low input bias current 

50 pA 


Low input noise voltage 

16 nV/\/Hz 


Low input noise current 

0.01 pAA/Hz 


Wide gain bandwidth 

4 MHz 


High slew rate 

13 V/jus 


Low supply current 

7.2 mA 


High input impedance 

10l2fl 


Low total harmonic distortion Ay 

= 10, <0.02% 


R L = 10k, Vo = 20 Vp-p, BW = 

20 Hz-20 kHz 


Low 1/f noise corner 

50 Hz 


Fast settling time to 0.01% 

2 {AS 


Simplified Schematic 


1/4 Quad 



INTERNALLY 

TRIMMED 


Connection Diagram 


Dual-In-Line Package 

OUT 4 IN 4“ IN 4 + V" IN 3 + IN3 - OUT 3 


Order Number LF347N, LF347AN 
or LF347BN 
See NS Package N14A 




Order Number LF347J, LF347AJ 
or LF347BJ 
See NS Package J14A 


OUT 1 IN 1“ IN 1 V + IN 2 



Absolute Maximum Ratings 











Supply Voltage 



±18V 









Power Dissipation (Note 1 ) 


500 mW 









Operating Temperature Range 

0°C to +70° C 









T j(MAX) 




1 1 5°C 









Differential Input Voltage 



±30V 









Input Voltage Range (Note 2) 



±1 5V 









Output Short Circuit Duration (Note 3) 

Continuous 









Storage Temperature Range 

-65°C to +1 50°C 









Lead Temperature (Soldering, 10 seconds) 


300° C 









DC Electrical Characteristics (Note 4> 











SYMBOL 

PARAMETER 

CONDITIONS 

LF347A 

LF347B 

LF347 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 




Vos 

Input Offset Voltage 

Rg = 10 kfi, T A = 25° C 


1 

2 


3 

5 


5 

10 

mV 



Over Temperature 



4 



7 



13 

mV 

AV 0S /AT 

Average TC of Input Offset 
Voltage 

Rg = 10 kQ 


10 



10 



10 


pV/°C 

'OS 

Input Offset Current 

Tj = 25°C, (Notes 4, 5) 


25 

100 


25 

. 100 


25 

100 

PA 



Tj < 70° C 



2 



4 



4 

nA 

IB 

Input Bias Current 

Tj = 25° C, (Notes 4, 5) 


50 

200 


50 

200 


50 

200 

PA 



Tj < 70° C 



4 



8 



8 

nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 



1012 



1012 


n 

avol 

Large Signal Voltage Gain 

Vg = ±15V, T A = 25°C 

V 0 = ±10V, R [_ = 2 kf2 

50 

100 


50 

100 


25 

100 


V/mV 



Over Temperature 

25 



25 



15 



V/mV 

vo 

Output Voltage Swing 

Vg = ±15V, R[_ = 10 kQ 

±12 

±13.5 


±12 

±13.5 


±12 

±,13.5 


V 

VCM 

Input Common-Mode Voltage 

Vg = ±15V 

±11 

+15 


+ 11 

+15 


+ 11 

+ 15 


V 


Range 


-12 



-12 



-12 


V 

CMRR 

Common-Mode Rejection Ratio 

Rg < lOkfi 

80 

100 


80 

100 


70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 6) 

80 

100 


80 

100 


70 

100 


dB 

'S 

Supply Current 



7.2 

11 


7.2 

11 


7.2 

"j 

mA 

AC Electrical Characteristics (Note 4) 

SYMBOL 

PARAMETER 

CONDITIONS 

LF347A 

LF347B 

LF347 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

LINUS 




Amplifier to Amplifier Coupling 

T A = 25°C, 
f = 1 Hz-20 kHz 

(Input Referred) 


-120 



-120 



-120 


dB 

SR 

Slew Rate 

Vg= ±15V, T A = 25° C 


13 



13 



13 


V/jUS 

GBW 

Gain-Bandwidth Product 

Vg = ±15V, T A = 25°C 


4 



4 



4 


MHz 

e n 

Equivalent Input Noise Voltage 

T A = 25° C, Rg = 100n, 


16 



16 



16 


nV/v/Hz 



f= 1000 Hz 











in 

Equivalent Input Noise Current 

Tj = 25° C, f = 1000 Hz 


0.01 



0.01 



0.01 


pA/v/Hz 

Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 125° C/W junction to ambient or 

95° C/W junction to case. 












Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 



Note 3: Pp max rating cannot be exceeded. . 











Note 4: These specifications apply for V§ = ±15V and 0°C < T A < +70°C. Vqs» 1 B anc * *OS are measured at V^jy] 

= 0. 




Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. 
Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, Pp. Tj = T A + 0j A Pp where 0j A is the thermal resis- 

tance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 




Note 6: Supply voltage rejection ratio is 

measured for both supply magnitudes increasing or decreasing simultaneously in accordance with com- 

mon practice. 
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Typical Performance Characteristics (Continued) 


Distortion vs Frequency 


Undistorted Output Voltage 
Swing 


Open Loop Frequency Response 


V S = t15V 
-T A = 25 C 



U 1UU Ik lUk lUUk 

FREQUENCY (Hz) 



100k 

FREQUENCY (Hz) 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 


CMRR = 20 LOG — — + OPEN LOOP 
V CM 

VOLTAGE GAIN I I 


0 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Power Supply Rejection 
Ratio 






— , — 
V s = ±15V 





T a = 25°C 

1 







N; 

\ 

\^+SUPPLY 



\i 


\ 


i 

SUPPLY 

\ 


a 



V. 


10 100 IK 10k 100k 1M 10M 

FREQUENCY (Hz) 


Equivalent Input Noise 
Voltage 


100 Ik 10k 100k 

FREQUENCY (Hz) 


Open Loop Voltage Gain (V/V) 


Output Impedance 


Inverter Settling Time 






Pulse Response 





N. 

*fr 

co 
Ll | 

Small Signal Inverting Small Signal Non-Inverting 


TIME (5 /is/DIV) 


Application Hints 

The LF347 is an op amp with an internally trimmed 
input offset voltage and JFET input devices (B1-FET II™). 
These JFETs have large reverse breakdown voltages from 
gate to source and drain eliminating the need for clamps 
across the inputs. Therefore, large differential input 
voltages can easily be accommodated without a large 
increase in input current. The maximum differential 
input voltage is independent of the supply voltages. 
However, neither of the input voltages should be 


allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the corresponding 
high or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 


TIME (2 ms/DIV) 


TIME (2/is/DIV) 

Current Limit (R[_= 100£2) 


TIME (0.2 jUs/DIV) 
Large Signal Non-Inverting 


TIME (0.2 /js/DIV) 
Large Signal Inverting 
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Application Hints (Continued) 

high state. In neither case does a latch occur since 
raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output; however, 
if both inputs exceed the limit, the output of the ampli- 
fier will be forced to a high state. 

The amplifiers will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi- 
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 


backwards in a socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pick-up" and maximize the 
frequency of the feedback pole by minimizing the 
capacitance from the input to ground. 


Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±4V power 
supplies. Supply voltages less than these may result in 
lower gain bandwidth and slew rate. 

The LF347 will drive a 2 k£2 load resistance to ±10V 
over the full temperature range of 0°C to +70°C. If the 
amplifier is forced to drive heavier load currents, how- 
ever, an increase in input offset voltage may occur on 
the negative voltage swing and finally reach an active 
current limit on both positive and negative swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 


A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually 'the 
inverting input) to AC ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the feedback 
pole is less than approximately 6 times the expected 
3 dB frequency a lead capacitor should be placed from 
the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con- 
stant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 


Detailed Schematic 
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LF347 


Typical Applications 


Digitally Selectable Precision Attenuator 


i 


■i 

E 






1 




Q 

Q 


V 0 

ATTENUATION 

0 

0 

0 

0 

0 

0 

1 

-1 dB 

0 

1 

0 

—2 dB 

0 

1 

1 

—3 dB 

1 ■ 

0 

0 

—4 dB 

1 

0 

1 

' -5 dB 

1 

1 

0 

—6 dB 

1 

1 

1 

-7 dB 



Vs All resistors .1% tolerance 
-v s 


ATTENUATION SELECT INPUTS 


Accuracy of better than 0.4% with standard 1% value resistors 
No offset adjustment necessary 
Expandable to any number of stages 
Very high input impedance 


Long Time Integrator with Reset, Hold and Starting Threshold Adjustment 



15V G— A/V\r“*AAAr— V\A/— -O -15V 
10k 10k 10k 

THRESHOLD 
ADJUST 

• VquT starts from zero and is equal to the integral of the input voltage with respect to the threshold voltage: 

V 0 UT== ^c/q (V ' N-V TH> dt ' 

• Output starts when V | |\j > Vjh . 

• Switch SI permits stopping and holding any output value 

• Switch S2 resets system to zero 
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Typical Applications (Continued) 


Universal State Variable Filter 


100k 



For circuit shown: 

f 0 = 3 kHz, ff\|OTCH = 9-5 kHz 

Q = 3.4 

Passband gain: 

Highpass — 0.1 
Bandpass — 1 
Lowpass — 1 
Notch — 10 

• f o xQ< 200 kHz 

• 10V peak sinusoidal output swing without slew limiting to 200 kHz 

• See LM348 data sheet for design equations 
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LF35 


National 

JtSi Semiconductor 


Operational Amplifiers/ Buffers 


LF351 Wide Bandwidth JFET 
Input Operational Amplifier 

General Description 

The LF351 is a low cost high speed JFET input opera- 
tional amplifier with an internally trimmed input offset 
voltage (BI-FET II™ technology). The device requires a 
low supply current and yet maintains a large gain band- 
width product and a fast slew rate. In addition, well 
matched high voltage JFET input devices provide very 
low input bias and offset currents. The LF351 is pin 
compatible with the standard LM741 and uses the same 
offset voltage adjustment circuitry. This feature allows 
designers to immediately upgrade the overall perfor- 
mance of existing LM741 designs. 

The LF351 may be used in applications such as high 
speed integrators, fast D/A converters, sample-and-hold 
circuits and many other circuits requiring low input 
offset voltage, low input bias current, high input imped- 
ance, high slew rate and wide bandwidth. The device 
has low noise and offset voltage drift, but for applica- 

Typical Connection 




tions where these requirements are critical, the LF356 is 
recommended. If maximum supply current is important, 
however, the LF351 is the better choice. 

Features 

■ Internally trimmed offset voltage 2 mV 

■ Low input bias current 50 pA 

■ Low input noise voltage 16 nV/\/Hz 

■ Low input noise current 0.01 pAA/Hz 

■ Wide gain bandwidth 4 MHz 

■ High slew rate 13 V/jus 

■ Low supply current 1.8 mA 

■ High input impedance 10”12£2 

■ Low total harmonic distortion Ay = 10, <0.02% 

R|_ = 10k, V 0 = 20 Vp-p, BW = 20 Hz-20 kHz 

■ Low 1/f noise corner 50 Hz 

■ Fast settling time to 0.01% 2ix% 

Simplified Schematic 



INTERNALLY 

TRIMMED 


Connection Diagrams (Top Views) 


Metal Can Package 


Order Number 
LF351H 

LF351AH INVERTING 

LF351BH INPUT 

LF351AH-1 
LF351BH-1 


NON-INVERTING I 


See NS Package H08C 



Dual-In-Line Package 


Note. Pin 4 connected to case. 



Order Number 
LF351N 
LF351AN 
LF351BN 
LF351AN-1 
r LF351BN-1 

See NS Package N08B 
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TOP VIEW 



Absolute Maximum Ratings 











Supply Voltage 



±18V 









Power Dissipation (Note 1 ) 


500 mW 









Operating Temperature Range 

0°C to +70° C 









T j(MAX) 




1 1 5°C 









Differential Input Voltage 



±30V 









Input Voltage Range (Note 2) 



±1 5V 









Output Short Circuit Duration 


Continuous 









Storage Temperature Range 

-65°C to +1 50° C 









Lead Temperature (Soldering, 10 seconds) 

300°C 









DC Electrical Characteristics {Note 3) 












PARAMETER 


LF351A 

LF351B 

LF351 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Vos 

Input Offset Voltage 

Rs= 10 kn, T A = 25°C 


1 

2 


3 

5 


5 

10 

mV 



Over Temperature 



4 



7 



13 

' mV 

AVos/AT 

Average TC of Input Offset 

RS= 10 kO 


10 



10 



10 


pV/°C 


Voltage 

LF351A-1, LF351B-1 


10 

20 


10 

30 





•os 

Input Offset Current 

Tj = 25°C, (Notes 3, 4) 


25 

100 


25 

100 


25 

100 

PA 



Tj < 70°C 



2 



4 



4 

nA 

IB 

Input Bias Current 

Tj = 25° C, (Notes 3, 4) 


50 

200 


50 

200 


50 

200 

PA 



Tj < 70° C 



4 



8 



8 

nA 

Rin 

Input Resistance 

Tj = 25° C 


1012 



1012 



1012 


• a 

avol 

Large Signal Voltage Gain 

Vs = ±15V, T A = 25° C 

Vo = ±10V, R L = 2 kfi 

50 

100 


50 

100 


25 

100 


V/mV 



Over Temperature 

25 



25 v 



15 



V/mV 

vo 

Output Voltage Swing 

V S = ±15V, R L = 10 k!2 

±12 

±13.5 


±12 

±13.5 


±12 

±13.5 


V 

Vqm 

Input Common-Mode Voltage 

Vs = ±15V 


+15 


±11 

+15 



+15 


V 


Range 



-12 


-12 



-12 


V 

- CMRR 

Common-Mode Rejection Ratio 

RS< 10k^ 

80 

100 


80 

100 


70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 5) 

80 

100 


80 

> 100 


70 

100 


dB 

'S 

Supply Current 



1.8 

2.8 


1.8 

2.8 


1.8 

3.4 

mA 

AC Electrical Characteristics (Note 3i 

SYMBOL 

PARAMETER 


LF351A 

LF351B 

LF351 | 



MIN | 

TYP 1 

MAX 

MIN | 

TYP | 

MAX 

MIN | 

TYP 

MAX 

UNiXS 

SR 

Slew Rate 

Vs=±15V, T A = 25°C 1 

■HI 

KM 

SHI 



mi 


13 


V/jUs 

GBW 

Gain Bandwidth Product 

V S = ±15V, T A = 25° C 

I 

4 

1 


4 

■ 

■ 

4 


MHz 

e n 

Equivalent Input Noise Voltage 

T A = 25° C, Rs= 100n,' 


16 

■ 

1 

16 

■ 


16 


nV/x/Hz 



f = 1000 Hz 











•n 

Equivalent Input Noise Current 

Tj = 25° C, f = 1000 Hz 

1 

0.01 

■ 

St 

0.01 

m 

■ 

0.01 


pA/x/Hi 

Note 1: For operating at elevated temperature, the device must be derated based on a 

thermal resistance of 150°C/W junction to ambient or 

45°C/W junction to case. 












Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 



Note 3: These specifications apply for V§ = ±1 5V and 0°C < T A < +70°C. Vqs- 1 B anc ^ *OS are measured at V 0 |y| 

= 0 . 




Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. 

Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction 

temperature rises above the ambient temperature as a result of internal power dissipation, Pq. Tj 

= T a + 0j A Pq where 0j A is the thermal resis- 

tance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 




Note 5: Supply voltage rejection ratio is 

measured for, both supply magnitudes increasing or decreasing simultaneously in accordance with com- 

mon practice. 
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OPEN LOOP VOLTAGE GAIN (V/V) COMMON-MODE REJECTION RATIO (dB) DISTORTION (%) 


Typical Performance Characteristics (Continued) 


Distortion vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Undistorted Output Voltage 
Swing 



10k 100k 1M 

FREQUENCY (Hz) 



Open Loop Frequency Response 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 



Power Supply Rejection 
Ratio 



10 100 IK 10k 100k 1M 10M 

FREQUENCY (Hz) 


Equivalent Input Noise 



FREQUENCY (Hz) 



Open Loop Voltage Gain (V/V) 



5 10 15 20 




0.1 1 10 


SUPPLY VOLTAGE (±V) 


FREQUENCY (Hz) 


SETTLING TIME (ms) 



LF351 


Pulse Response 


Small Signal Inverting 



TIME (0.2 jus/DIV) 


Small Signal Non-Inverting 



TIME (0.2 jus/DIV) 


Large Signal Inverting 



TIME (2 jus/DIV) 


Large Signal Non-Inverting 



TIME (2 jus/DIV) 


Current Limit (R[_ - 10012) 



TIME (5 jus/DIV) 


Application Hints 

The LF351 is an op amp with an internally trimmed 
input offset voltage and JFETinputdevices(BI-FET 1 1™). 
These JFETs have large reverse breakdown voltages from 
gate to source and drain eliminating the need for clamps 
across the inputs. Therefore, large differential input 
voltages can easily be accommodated without a large 
increase in input current. The maximum differential 
input voltage is independent of the supply voltages. 
However, neither of the input voltages should be 


allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the' corresponding 
high or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 


3-26 



Application Hints (Continued) 

backwards in a socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As w.ith most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pick-up" and maximize the 
frequency of the feedback pole by minimizing the 
capacitance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to AC ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the feedback 
pole is less than approximately 6 times the expected 
3 dB frequency a lead capacitor should be placed from 
the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con- 
stant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 



high state. In neither case does a latch occur since 
raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output; however, 
if both inputs exceed the limit, the output of the ampli- 
fier will be forced to a high state. 

The amplifier will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi- 
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

The LF351 is biased by a zener reference which allows 
normal circuit operation on ±4V power supplies. Supply 
voltages less than these may result in lower gain band- 
width and slew rate. 

The LF351 will drive a 2 k £2 load resistance to ±10V 
over the full temperature range of 0°C to +70°C. If the 
amplifier is forced to drive heavier load currents, how- 
ever, an increase in input offset voltage may occur on 
the negative voltage swing and finally reach an active 
current limit on both positive and negative swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 

Detailed Schematic 
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Typical Applications 


Supply Current Indicator/Limiter Hi-Zj^ Inverting Amplifier 


C2 




• VquT switches high when Rs^S > 


Parasitic input capacitance Cl = (3 pF. for LF351 
plus any additional layout capacitance) interacts 
with feedback elements and creates undesirable 
high frequency pole. To compensate, add C2 such 
that: R2C2^ R1C1. 


Ultra-Low (or High) Duty Cycle Pulse Generator 


Long Time Integrator 



4.8 — 2V S 

• tOUTPUT HIGH ** RICCn 

4.8 -V S 

2V S — 7.8 

• ^OUTPUT LOW 555 R 2C 2n 

V S — 7.8 

where V S = V + + IV - 1 
*low leakage capacitor 
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17WA National 
mSi Semiconductor 


Operational Amplifiers/ Buffers 


LF353 Wide Bandwidth Dual JFET 
Input Operational Amplifier 



General Description 


These devices are low cost, high speed, dual JFET input 
operational amplifiers with an internally trimmed input 
offset voltage (BI-FET II™ technology). They require 
low supply current yet maintain a large gain bandwidth 
product and fast slew rate. In addition, well matched 
high voltage JFET input devices provide very low input 
bias and offset currents. The LF353 is pin compatible 
with the standard LM1558 allowing designers to imme- 
diately upgrade the overall performance of existing 
LM1558 and LM358 designs. 

These amplifiers may be used in applications such as 
high speed integrators, fast D/A converters, sample and 
hold circuits and many other circuits requiring low 
input offset voltage, low input bias current, high input 
impedance, high slew rate and wide bandwidth. The 
devices also exhibit low noise and offset voltage drift. 


Typical Connection 


Features 

■ Internally trimmed offset voltage 2 mV 

■ Low input bias current 50 pA 

■ Low input noise voltage 16 nV/\/Hz 

■ Low input noise current 0.01 pA/\/Hz 

■ Wide gain bandwidth 4 MHz 

■ High slew rate 13V//is 

■ Low supply current 3.6 mA 

■ High input impedance 10^12 

■ Low total harmonic distortion Ay = 10, <0.02% 

RL = 10k, Vo = 20 Vp-p, BW = 20 Hz-20 kHz 

■ Low 1/f noise corner 50 Hz 

■ Fast settling time to 0.01% 2 /is 


Connection Diagrams 



Simplified Schematic 


LF353H Metal Can Package (Top View) 



NON-INVERTING 
INPUT A 


Order Number LF353AH or LF353BH 
See NS Package H08C 



LF353N Dual-ln-Line Package (Top View) 



5 NON-INVERTING 
INPUT B 


Order Number LF353AN, LF353BN or LF353N 
See NS Package N08A 
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Absolute Maximum Ratings 











Supply Voltage 



±18V 









Power Dissipation (Note 1 ) 


500 mW 









Operating Temperature Range 

0°C to +70° C 









Tj(MAX) 


1 1 5°C 









Differential Input Voltage 



±30V 









Input Voltage Range (Note 2) 



±1 5V 









Output Short Circuit Duration (jMote 3) 

Continuous 









Storage Temperature Range 

-65°C to +1 50°C 









Lead Temperature (Soldering, 10 seconds) 

300° C 







- 


DC Electrical Characteristics (Note 4) 














LF353A 



LF353B 



LF353 



SYMBOL 

PARAMETER 

CONDITIONS 










UNITS 





Hi 

MSM 

BIaIM 

3 

R33I 





Vos 

Input Offset Voltage 

RS= 10 k!2, Ta = 25°C 


i 

2 


3 

5 


5 

10 

mV 



Over Temperature 



4 



7 



13 

mV 

AVos/AT 

Average TC of Input Offset 

RS = 10 k£2 


10 

20 


10 

30 


10 


juV/°C 


Voltage 












>os 

Input Offset'Current 

Tj = 25°C, (Notes 4, 5) 


25 



25 



25 


' pA 



Tj < 70° C 



2 






4 

nA 

IB 

Input Bias Current 

Tj = 25° C, (Notes 4, 5) 


50 



50 

V 


50 

W 

pA 



Tj < 70° C 



4 



8 



8 

nA 

RlN 

Input Resistance 

T j = 25° C 


1012 



1012 



1012 


n 

A VOL 

Large Signal Voltage Gain 

Vs = ±15V, T A = 25°C 

■ 



50 



25 



V/mV 



Vo = ±10V, R L = 2 k£2 













Over Temperature 

25 



25 



15 



V/mV 

vo 

Output Voltage Swing 

V S = ±15V, R L = lOkfi ■ 

±12 

±13.5 


±12 

±13.5 


±12 

±13.5 


V 

VCM 

Input Common-Mode Voltage " 

Vs= +15V 

+ 11 

+15 


+ 11 

+ 15 


±11 

+15 


V 


Range 



-12 



-12 



-12 


V 

CMRR 

Common-Mode Rejection Ratio 

RS< 10kfi 

80 



80 



70 



. dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 6) 

80 



80 



70 



dB 

'S 

Supply Current 



3.6 

5.6 


3.6 

5.6 


3.6, 

6.5 

mA 

AC Electrical Characteristics (Note 4> 





LF353A 



LF353B 



LF353 



SYMBOL 

PARAMETER 

CONDITIONS 



— 







UNITS 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 



Amplifier to Amplifier Coupling 

T A = 25°C, f = 1 Hz- 


-120 



-120 



-120 


dB 



20 kHz (Input Referred) 











SR 

S|ew Rate 

Vs = ±15V, Ta = 25°C 

10 

13 



13 



13 


V//us 

GBW 

Gain-Bandwidth Product 

V S = ±15V,Ta = 25°C 

3 

4 



4 



4 


MHz 

e n 

Equivalent Input Noise Voltage 

ta = 25°c, Rs = ioon. 


16 



16 



16 


nV/v/Hz 



f = 1000 Hz 











»n 

Equivalent Input Noise Current 

Tj = 25° C, f = 1000 Hz 


0.01 



0.01 



0.01 


pA/VHi 

Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 160° C/W junction to ambient for 

the N package, and 150° C/W junction to ambient for the H package. 










Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 



Note 3: The power dissipation limit, however, cannot be exceeded. 










Note 4: These specifications apply for V§ = ±15V and 0°C < T/\ < +70°C. VqS/ •b and 'OS are measured at Vcm 

= 0. 




Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature. 

T;. Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction 

temperature rises above the ambient temperature as a result of internal power dissipation, Pq. T: 

= T a + ©j A where 0j A is the thermal resis- 

tance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 




Note 6: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with com- 

mon practice. 
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Typical Performance Characteristics (Continued) 


Distortion vs Frequency 


— 1 — 

v s = ±1 

"T a = 25 
-1 

iV 





>c 





<£ uk| 

v 0 

= 20 

1 

Vp-p- 


A V 

= 100 





r 

z 

L 





Ay=.oyu 















1 . 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Undistorted Output Voltage 
Swing 



10k 100k 1M 

FREQUENCY (Hz) 



Common-Mode Rejection 
Ratio 



Power Supply Rejection 
Ratio 



10 100 IK 10k 100k 1M 10M 

FREQUENCY (Hz) 



Open Loop Voltage Gain (V/V) 



5 10 IS 20 

SUPPLY VOLTAGE (±V) 




Open Loop Frequency Response 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Equivalent Input Noise 
Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Inverter Settling Time 



0.1 1 10 
SETTLING TIME (ps) 
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Pulse Response 


Small Signal Inverting 



TIME (0.2 ms/DIV) 


Small Signal Non-Inverting 



TIME (0.2 ms/DIV) 


Large Signal Inverting 



TIME (2 |Us/DIV) 


Large Signal Non-Inverting 



TIME (2 jus/DIV) 


Current Limit (Ri = 100 £2) 



TIME (5 jus/DIV) 


Application Hints 

These devices are op amps with an internally trimmed 
input offset voltage and JFET input devices (BI-FET II). 
These JFETs have large reverse breakdown voltages from 
gate to source and drain eliminating the need for clamps 
across the inputs. Therefore, large differential input 
voltages can easily be accommodated without a large 
increase in input current. The maximum differential 
input voltage is independent of the supply voltages. 
However, neither of the input voltages should be 


allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the corresponding 
high or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 
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Application Hints (Continued) 

high state. In neither case does a latch occur since 
raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output; however, 
if both inputs exceed the limit, the output of the ampli- 
fier will be forced to a high state. 

The amplifiers will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi- 
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 


backwards in a socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyedunit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As. with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pick-up" and maximize the 
frequency of the feedback pole by minimizing the 
capacitance from the input to ground. 


Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±4V power 
supplies. Supply voltages less than these may result in 
lower gain bandwidth arid slew rate. 

The amplifiers will drive a 2 k^2 load resistance to ±10V 
over the full temperature range of 0°C to +70°C. If the 
amplifier is forced to drive heavier load currents, how- 
ever, an increase in Input offset voltage may occur on 
the negative voltage swing and finally reach an active 
current limit on both positive and negative swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 


A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to AC ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the feedback 
pole is less than approximately 6 times the expected 
3 dB frequency a lead capacitor should be placed from 
the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con- 
stant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. * 


Detailed Schematic 
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All potentiometers are linear taper 

Use the LF347 Quad for stereo applications 
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Typical Applications (Continued) 


Improved CMRR Instrumentation Amplifier 

v s 



i i 

-Vs -V S ' 

SEPARATE 



rh and ■dr are separate isolated grounds 
Matching of R2's, R4's and R5's control CMRR 
With A\/j = 1400, resistor matching = 0.01%: CMRR = 136 dB 

• Very high input impedance 

• Super high CMRR 

Fourth Order Low Pass Butterworth Filter 



• Passband gain <H 0 ) = (1 + R4/R3) (1 + R4'/R3') 

• First stage Q =1 .31 

• Second stage Q = 0.541 

• Circuit shown uses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 Hz and a passband gain of 100 

• Offset nulling necessary for accurate DC performance 
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Typical Applications (Continued) 


Fourth Order High Pass Butterworth Filter 



c c 
0.001 0.001 


Corner frequency (f c ) = 


! 1 JL . / 1 . 1 _ 

R1 R2C 5 " * 2 * J R1’R2'C 2 2rr 


• Passbandgain (H 0 ) = (1 + R4/R3M1 + R47R3') 

• First stage Q = 1 .31 

• Second stage Q = 0.541 

• Circuit shown uses closest 5% tolerance resistor values for a filter with a corner frequency of 1 kHz and a passband gain of 10 


Ohms to Volts Converter 


"x 



Vq = x Rv 

° R LADDER X 

Where RLADDER is the resistance from switch SI pole to pin 10 of the LF354. 
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LF13741 


2 


National 

Semiconductor 


Operational Amplifiers/ Buffers 



BI-FET Technology 


LF13741 Monolithic JFET Input Operational Amplifier 


General Description 


The LF 13741 is a 741 with BI-FET input followers on 
the same die. Familiar operating characteristics — those 
of a 741 — with the added advantage of low input bias 
current make the LF13741 easy to use. Monolithic 
fabrication makes this "drop-in-replacement" operational 
amplifier very economical. 


Applications in which the LF13741 excels are those 
which require low bias current, moderate speed and low 
cost. A few examples include high impedance transducer 
amplifiers, photocell amplifiers, buffers for high impe- 
dance, slow to moderate speed sources and buffers in 
sample-and-hold type systems where leakage from the 
hold capacitor node must be kept to a minimum. 

Systems designers can take full advantage of their 
knowledge of the 741 when designing with the LF 13741 
to achieve extremely rapid "design times." The LF 13741 
can also be used in existing sockets to make the "error 
budget" for input bias and/or offset currents negligible 
and in many cases eliminate trimming. For higher speed 
and lower noise use the LF155, LF156, LF157 series 
of BI-FET operational amplifiers. 


Features 

■ Low input bias current 50 pA 

■ Input common-mode range to positive supply voltage 

■ Low input noise current 0.01 pA/\/Hz 

■ High input impedance 5x10^57 

■ Familiar operating characteristics 

Advantages 

■ FET inputs — 741 operating characteristics 

■ Low cost 

■ Ease of use 

■ Standard supplies 

■ Standard pin outs 

■ Non-rectifying input for RF environment 

■ Rapid "design time" 

Applications 

■ Smoke detectors 

■ I to V converters 

■ High impedance buffers 

■ Low drift sample and hold circuits 

■ High input impedance, slow comparators 

■ Long time timers , 

■ Low drift peak detectors 

■ Supply current monitors 

■ Low error budget systems 


Simplified Schematic 


Typical Applications 


Inexpensive Microprocessor D/A 


rr' 

IALANCE 

— <> V CC 



rsT 




741 

,>1 

. (6) 

>— O OUTPUT 

L_J 


a, 

JALANCE 

(4) 

0-V EE 


All on one die. 


SERIAL DATA OUT T ' 



(LSB FIRST) | 

n n T 


^ rrt 

h'-bi-T-l l 

MICRO- 

[3RD 2ND[~" 6 — | — T 

J LSB _LSBj LSB l_ U 

PROCESSOR 

1 

HOLD _ | h 


° . l 

RESET 1 r> 

b — — °htI 



r = RC = 1 .44T 


L ™ » LrlJojj 





Absolute Maximum Ratings 


Supply Voltage ±18V 

Power Dissipation (Note 1 ) 500 mW 

Operating Temperature Range 0°C to +70°C 

Tj(MAX) 100°C 

Differential Input Voltage ±30V 


Input Voltage Range (Note 2) ±16V 

Output Short Circuit Duration Continuous 

Storage Temperature Range ~65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 


DC Electrical Characteristics (Note 3> 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

R S - 10 k£2, T A = 25°C 


5 

15 

mV 


i 

Over Temperature 



20 

mV 

AVqs/AT 

Average TC of Input Offset 

Voltage 

RS = 10k£2 


10 


juV/°C 

•os 

Input Offset Current 

Tj = 25°C, (Notes 3, 4) 


10 

50 

PA 



Tj < 70°C 



2 

nA 

•b 

Input Bias Current 

Tj = 25°C, (Notes 3, 4) 


50 

200 

pA 



Tj < 70°C 


1.6 

8 

nA 

Rin 

Input Resistance 

Tj = 25° C 


5 x 10 11 


n 

AvOL 

Large Signal Voltage Gain 

Vs = ±15V, Ta = 25°C 

Vo = ±10V, R|_ = 2kft 

25 

100 


V/mV 



Over Temperature 

15 



V/mV 

Vo 

Output Voltage Swing 

V S = ±15V, R L = 10 k£2 

±12 

±13 


V 

VCM 

Input Common-Mode Voltage 

Vs = ±15V 

±11 

+15.1 


V 


Range 



-12 


V 

CMRR 

Common-Mode Rejection Ratio 

RS< 10 kft 

70 

90 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 5) , 

77 

96 


dB 

•s 

Supply Current 



2 

4 

mA 


AC Electrical Characteristics (Note 3) 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SR 

Slew Rate 

Vs = ±15V, T A = 25?C 


0.5 


V/jus 

GBW 

Gain-Bandwidth Product 

V S = ±15V, T A = 25° C 


1.0 


MHz 

e n 

Equivalent Input Noise Voltage 

T A = 25°C, Rs = 100^2 







f = 100 Hz 


50 


nV/>/Hz 



f = 1000 Hz 


37 


nV/\/Hz 

'n 

Equivalent Input Noise Current 

Tj = 25° C 







f = 100 Hz 


0.01 


pAA/Hz 



f= 1000 Hz 


0.01 


pA/\/Hz 


Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 150°C/W junction to ambient or 
45°C/W junction to case. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: These specifications apply for V§ = ±15V and 0°C < T/\ < +70° C. Vqs^ *B» and •OS are measured at Vqm = 0. 

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, 
Tj. Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, Pq. Tj.= T a + ®jA P D where 0j A is the thermal resis- 
tance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 

Note 5: Supply Voltage Rejection. Ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with 
common practice. 
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NEGATIVE COMMON-MODE 

OUTPUT VOLTAGE SWING (Vp.p) INPUT VOTLAGE LIMIT (V) NEGATIVE OUTPUT VOLTAGE SWING (V) INPUT BIAS CURRENT (pA) 




Typical Performance Characteristics (Continued) 


Bode Plot 



0.1 1 10 


Common-Mode Rejection 
Ratio 



10 100 Ik 10k 100k 1M 10M 


Power Supply Rejection 
Ratio 



10 100 Ik 10k 100k 1M 


FREQUENCY (MHz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Undistorted Output 
Voltage Swing 



Ik 10k 100k 1M 

FREQUENCY (Hz) 


Equivalent Input 



FREQUENCY (Hz) 



Small Signal Non-Inverting 
Pulse Response 



TIME 0.5ps/DIV 


Small Signal Inverting 
Pulse Response 



TIME 0.5 jus/DIV 


Large Signal Non-Inverting 
Pulse Response 



Large Signal Inverting 
Pulse Response 




TIME 10 /is/DIV 


TIME 10 jus/DI V 
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Application Hints 

GENERAL CHARACTERISTICS 

The LF 13741 makes the job of converting from a 
bipolar to a FET input op amp easy. As a systems 
designer you are probably very familiar with the 
operating characteristics of a 741 op amp. In fact, many 
of you have used 741s with FET input followers— that's 
just what the LF13741 is, but it's all on a single die. 

When you need a low cost, reliable, well known op amp 
with low input currents and moderate speed, use an 
LF13741. 

DIFFERENTIAL INPUTS 

You don't have to use clamps across the inputs for 
differential input voltages of less than 40V. The input 
JFET's of the LF13741, in addition to being well 
matched, have large reverse breakdown voltages from 
gate to source and drain. 

POSITIVE INPUT COMMON-MODE VOLTAGE LIMIT 

With the LF13741 (unlike the normal 741) you can take 
both inputs above the positive supply voltage by more 
than 0.1V before the amplifier ceases to function. 
This feature enables you to use the LF 13741 to monitor 
and/or limit the current from the same supply used to 
power it (see typical applications). 

If you exceed the positive common-mode voltage limit 
on only one input the output phase will remain correct. 
When you exceed the limit on both inputs, the output 
phase is unpredictable. 

NEGATIVE INPUT COMMON-MODE VOLTAGE 
LIMIT 

There are two negative input voltage ranges of interest: 

1. The range between the negative common-mode 
voltage limit and the negative supply voltage. 

2. Voltages which are more negative than the negative 
supply voltage. 

If you take only one of the inputs of the LF 13741 
into the first range, the output phase will remain correct. 
When you take both inputs into this range the output 
will go toward the positive supply voltage. 

If you force either or both of the inputs into the second 
range, an internal diode will be turned "ON." Unless you 
externally limit the diode current to about 1 mA, the 
device will be destroyed. In either case, limited or 
unlimited input current, you cannot predict the output. 

HANDLING 

You do not have to take any special precautions, in 
handling the LF 13741. It has JFET,as opposed to fragile 
MOSFET, inputs. 

APPLYING POWER 

You should never: reverse the power supplies to the 
LF13741; plug a part in backwards in a powered socket 


or board; make the negative supply voltage more positive 
than an input voltage. 

Any one of these supply conditions will forward bias an 
internal diode. If you have not externally limited the 
resulting current, the device will be destroyed. 

LAYOUT 

To ensure stability of response you should take care 
with lead dress, component placement and power supply 
decoupling. For example, the body of feedback resistors 
(from output to input pins) should be placed close to 
the inverting input pin. Noise "pickup" and capacitance 
to ground from the input pin will be minim ized-effects 
which are usually desirable. 

Because of the very low input bias currents of the 
LF13741, special care should be taken in printed circuit 
board iayouts to prevent unnecessary leakage from the 
input nodes, (see typical applications). 

FEEDBACK POLE 

You create a feedback pole when you place resistive 
feedback around an amplifier. The parallel resistance 
and capacitance from the input of the device (usually 
the inverting input) to ac ground set the frequency of 
the pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and there is negligible effect on stability 
margin. However, if the feedback pole is less than 
approximately six times the expected 3 dB frequency, 
(a distinct possibility when using FET op amps) you 
should place a lead capacitor from the output to the 
input of the op amp. The value of the added capacitor 
should be such that the RC time constant of this capaci- 
tor and the resistance it parallels is greater than or equal 
to the original feedback pole time constant (Figure 1). 


C2 



Parasitic input capacitance Cl as (3 pF for LF13741 plus any 
additional layout capacitance) interacts with feedback elements 
and creates undesirable high frequency pole. To compensate, 
add C2 such that: R2C2sRlC1. 

FIGURE 1 
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Typical Applications (Continued) 

Auto Zero Circuit for LF356 



NORMAL 


• With the output having a 10k load resistor minimum pulse 
width to zero *»800 jus 

• The capacitor on the output reduces the output switch glitch 


Long Time Timer 



-Cl 

• Time = — V TH reSHOLD 

* 1 . 

• Output goes high on time out 

• Reverse op amp inputs for output low on time out 

• Cl low leakage capacitor 


Ultra-Low (Or High) Duty Cycle Pulse Generator 



4J8 — 2V§ 

• fOUTPUT HIGH ” RICCn 

4 B-V S 


2V S — 7j8 

• ^OUTPUT LOW^ R 2Cfin 

V S — 7.8 

where V S = V + + IV“I 
*low leakage capacitor 
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LF13741 


Typical Applications (Continued) 

Long Time Integrator 



Precision Current Sink 



•out = r Where IquT < >DSS 

R 


* Photo Cell Amplifier (I to V Converter) 


R 



Connection Diagrams (Top Views) 

TO-99 Metal Can Package 
NC 



See NS Package H08C 

Note: Pin 4 connected to case. 


Dual-In-Line Package 



■ V + 


-OUTPUT 


•BALANCE 


Order Number LF13741N 
See NS Package N08B 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM10/LM10B(L)/LM10C(L) Op Amp and Voltage Reference 


General Description 

The LM10 series are monolithic linear ICs consisting of a 
precision reference, an adjustable reference buffer and 
an independent, high quality op amp. 


The unit can operate from a total supply voltage as low 
as 1.1V or as high as 40V, drawing only 270/iA. A com- 
plementary output stage swings within 15 mV of the 
supply terminals or will deliver ±20 mA output current 
with ±0.4V saturation. Reference output can be as low 
as 200 mV. Some other characteristics of the LM10 are 


■ input-offset voltage 

■ input-offset current 

■ input-bias current 

■ reference regulation 

■ offset-voltage drift 

■ reference drift 


2.0 mV (max) 
0.7 nA (max) 
20 nA (max) 
0.1% (max) 
2 mV/°C 
0.002%/° C 


The circuit is recommended for portable equipment and 
is completely specified for operation from a single power 
cell. In contrast, high output-drive capability, both 
voltage and current, along with thermal overload pro- 
tection, suggest it in demanding general-purpose 
applications. 

The device is capable of operating in a floating mode, 
independent of fixed supplies. It can function as a remote 
comparator, signal conditioner, SCR controller or trans- 
mitter for analog signals, delivering the processed signal 
on the same line used to supply power. It is also suited 
for operation in a wide range of voltage- and current- 
regulator applications, from low voltages to several 
hundred volts, providing greater precision than existing 
ICs. 

This series is available in the three standard temperature 
ranges, with the commercial part having relaxed limits. 
In addition, a low-voltage specification (suffix "L") is 
available in the limited temperature ranges at a cost 
savings. 


Connection and Functional Diagrams 


Metal Can Package (H) 



Order Number LM10H, LM10BH, LM10CH, 
LM10BLH or LM10CLH 
See NS Package H08A 
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(i)ooi.m/(i)aoi.m/OM/\n 






LM10/LM10B(L)/LM10C(L) 


Absolute Maximum Ratings 

LM10/LM10B/LM10C LM10BL/LM10CL . 


Total supply voltage 

45V • 

TV 

Differential input voltage (note 1) 

±40V 

±7V 

Power dissipation (note 2) 

internally limited 

Output short-circuit duration (note 3) 

indefinite 

Storage-temperature range 

-55° C to +1 50° C 

Lead temperature (soldering, 10s) 

300° C 


Electrical Characteristics it, = 25 ° c, t M in < tj < t max , note 4 ) 


(Boldface type refers to limits over temperature range.) 


PARAMETER 

CONDITIONS 

| LM10/LM10B 

r -- lmioc 

UNITS 

Bn 

TYP 

MAX 

MIN 1 

TYP 

MAX 

Input offset voltage 



0.3 

2.0 


0.5 

4.0 

mV 





3.0 



5.0 

mV 

Input offset current 



0.25 

0.7 


0.4 

2.0 

nA 

(note 5) 




1.5 



3.0 

nA 

Input bias current 



10 

20 


12 

30 

nA 

■ 




30 



40 

nA 

Input resistance 


250 

500 


150 

400 


kO 



150 



115 



kft 

Large signal voltage 

V s = ±20V, Iqut = 0 

120 

400 


80 

400 


V/mV 

gain 

V 0 ut = ±1 9.95V 

80 



50 



V/mV 


V s = ±20V, Vqut = ±19.4V 

50 

130 


25 

130 


V/mV 


*OUT = *20 mA (±15 mA) 

20 



15 



V/mV 


V s = ±0.6V (0.65V), Iqut = *2 mA 

1.5 

3.0 


1.0 

3.0 


V/mV 


V 0 UT = *0.4V (±0.3V), V CM = -0.4V 

0.5 



0.75 



V/mV 

Shunt gain (note 6) 

1.2V (1.3V) <V 0UT < 40V, 

R l = 1.1 kQ 

14 

33 


10 

33 


V/mV 


0.1 mA < loUT ^ 5 mA 

6 



6 



V/mV 


1.5V <V + < 40V, R L = 250£2 

8 

25 


6 

25 


V/mV 


0.1 mA < Iqut ^ 20 mA 

4 



4 



V/mV 

Common-mode 

-20V <V CM < 19.15V (19V) 

93 

102 


90 

102 


dB 

rejection 

V s = ±20V 

87 



87 



dB 

Supply-voltage 

—0.2V > V~ >-39V 

90 

96 


87 

96 


dB 

rejection 

V + = 1.0V (1.1V) 

84 



84 



dB 


1.0V (1.1V) <V + < 39.8V 

96 

106 


93 

106 


dB 


V~ = -0.2V 

90 



90 



dB 

Offset voltage drift 



2.0 



5.0 


juV/°C 

Offset current drift 

-/. • 


2.0 



5.0 


pA/°C 

Bias current drift 

T c < 100° C 


60 



90 


pA/°C 

Line regulation 

1.2V (1.3V) < V s < 40V 


0.001 

0.003 


0.001 

0.008 

%/V 


0 < Iref < 1.0 mA, V REF - 200 mV 



0.006 



0.01 

%/V 

Load regulation 

0<Iref< 1.0 mA 


0.01 

0.1 


0.01 

0.15 

% 


v + -v REF > 1.0V (1.1V) 



0.15 



0.2 

% 

Amplifier gain 

0.2V <V REF < 35V 

50 

75 


25 

70 


V/mV 



23 



15 



V/mV 

Feedback sense 


195 

200 

205 

190 

200 

210 

mV 

voitage 


194 


206 

189 


211 

mV 

Feedback current 



20 

50 


22 

75 

nA 





65 



90 

nA 

Reference drift 



0.002 



0.003 


%/°C 

Supply current 



270 

400 


300 

500 

MA 


' 



500 



570 

MA 

Supply current 
change 

1.2V (1.3V) < V s < 40V 


15 

75 


15 

75 

ma 
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Electrical Characteristics it, = 25 ° c, t M i N < tj < t max . note 4) 


(Boldface type refers to limits over temperature range.) 


PARAMETER 

CONDITIONS 

LM10BL 

LM10CL 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input offset voltage 



0.3 

2.0 


0.5 

4.0 

mV 





3.0 



5.0 

mV 

Input offset current 



0.1 

0.7 


0.2 

2.0 

nA 

(note 5) 




1.5 



3.0 

nA 

Input bias current 



10 

20 


12 

30 

nA 





30 



40 

nA 

Input resistance 


250 

500 


150 

400 


k£7. 



150 



115 



kft 

Large signal voltage 

V s = ±3. 25V, l OU T = 0 

60 

300 


40 

300 


V/mV 

gain 

VoUT = ±3.2V 

40 



25 



V/mV 


V s = ±3.25V, Iqut = 10 mA 

10 

25 


5 

25 


V/mV 


V 0 UT = ±2. 75V 

4 



3 



V/mV 


V s = ±0.6V (0.65V), Iqut = ±2 mA 

1.5 

3.0 


1.0 

3.0 


V/ mV 


V 0UT = -0.4V (±0.3V), V CM = -0.4V 

0.5 



0.75 



V/mV 

Shunt gain (note 6) 

1.5V £V + £ 6.5V, Rl = 500ft 

8 

30 


6 

30 


V/mV 


0.1 mA Iout £10 mA 

4 



4 



V/mV 

Common-mode 

-3.25V < V CM < 2.4V (2.25V) 

89 

102 


80 

102 


dB 

rejection 

V s = ±3. 25V 

83 






dB 

Supply-voltage 

-0.2V >V~> -5.4V 

86 

96 


80 

96 


dB 

rejection 

V + = 1.0V (1.2V) 

80 






dB 


1.0V (1.1V) <V + < 6.3V 

94 

106 


80 

106 


dB 


V" = 0.2V 

88 






dB 

Offset voltage drift 



2.0 



5.0 


pV/°C 

Offset current drift 



2.0 



5.0 


pA/° C 

Bias current drift 



60 



90 


pA/°C 

Line regulation 

1.2V (1.3V) <V S < 6.5V 


0.001 

0.01 


0.001 

0.02 

%/M 


0 £ Iref £ 0.5 mA, V REF = 200 mV 



0.02 



0.03 

%/M 

Load regulation • 

0 £ Iref £ 0.5 mA 


0.01 

0.1 


0.01 

0.15 

% 


V + - V REF > 1.0V (1.1V) 



0.15 



0.2 

% 

Amplifier gain 

0.2V £V REF < 5.5V 

30 

70 


20 

70 


V/mV 



20 



15 



V/mV 

Feedback sense 


195 

200 

205 

190 

200 

210 

mV 

voltage 


194 


206 

189 


211 

mV 

Feedback current 



20 

50 


22 

75 

nA 


v 



65 



90 

nA 

Reference drift 



0.002 



0.003 


%/°C 

Supply current 



260 

400 


280 

500 






500 



570 

pA 


Note 1: The input voltage can exceed the supply voltages provided that the voltage from the input to any other terminal does not exceed the 
maximum differential input voltage and excess dissipation is accounted for when Vjjvj < V . 

Note 2: The maximum, operating-junction temperature is 150°C for the LM10, 100°C for the LMIOB(L) and 85°C for the LMIOC(L). At 
elevated temperatures, devices must be derated based on package thermal resistance. 

Note 3: Internal thermal limiting prevents excessive heating that could result in sudden failure, but the 1C can be subjected to accelerated stress 
with a shorted output and worst-case conditions. 

Note 4: These specifications apply for V < Vqm < V + - 0.85V (1.0V), 1.2V (1.3V) < V$ < Vn\/\x> v REF = °- 2V and 0 < Ipjrp <1 .0 mA, 
unless otherwise specified: V^ax = 40V for the standard part and 6.5V for the low voltage part. Normal typeface indicates 25°C limits. Boldface 
type indicates limits and altered test conditions for full-temperature-range operation; this is -55°C to 125°C for the LM10, -25°C to 85°C for the 
LM10B(L) and 0°C to 70°C for the LM10C(L): The specifications do not include the effects of thermal gradients (r-j = 20 ms), die heating 
(72 = 0.2s) or package heating. Gradient effects are small and tend to offset the electrical error (see curves). 

Note 5: For Tj > 90° C, los ma V exceed 1 .5 nA for V^m = v ■ With Tj = 125°C and V~< Vcm < V - + 0.1V, los £ 5 nA. 

N^te 6: This defines operation in floating applications such as the bootstrapped regulator or two-wire transmitter. Output is connected to the 
V terminal of the 1C and input common mode is referred to V (see typical applications). Effect of larger output-voltage swings with higher 
load resistance can be accounted for by adding the positive-supply rejection error. 
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LM10fLM10B(L)/LM10C(L) 




LM10/LM10B(L)/LM10C(L) 




SUPPLY CURRENT (mA) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (±V) VOLTAGE GAIN (dB) 


Typical Performance Characteristics (Op Amp) 


frequency response 


output impedance 







Ta* 

25° ( 









> 





1 ' 




V 



L 4 . 




N 



J_ 







/ 


PH, 

ASE 



X 

J 


typical stability range 


1.2 V < Vo < 40 V 




LM10/LM10B(L)/LM10C(L) 











Typical Applications** 


op amp offset adjustment 


standard 


limited range 


limited range with boosted reference 


V + 





positive regulators* 


low voltage 


best regulation 


zero output 



^Use only electrolytic output capacitors. 

**Circuit descriptions available in application note AN-211. 
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LM10/LM10B(L)/LM10C(L) 


















LM10/LM10B(L)/LM10C(L) 


Typical Applications tt 


meter amplifier 


thermometer 



microphone amplifier 



^Circuit descriptions available in application note AN-211. 
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Typical Applications t+ 


isolated voltage sensor 

Rlt R6 



light-level controller 



^Circuit descriptions available in application note AN-211. 


Application Hints 

With heavy amplifier loading to V~, resistance drops in the V” lead can adversely affect reference regulation. Lead resistance can approach IJTi. Therefore, the common to the 
reference circuitry should be connected as close as possible to the package. 
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LM10/LM10B(L)/LM10C(L) 
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LM10/LM10B(L)/LM10C(L) 


Definition of Terms 


Input offset voltage: That voltage which must be applied 
between the input terminals to bias the unloaded output 
in the linear region. 

Input offset current: The difference in the currents 
at the input terminals when the output is unloaded 
in the linear region. 

Input bias current: The absolute value of the average 
of the two input currents. 

Input resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Large signal voltage gain: The ratio of the specified 
output voltage swing to the change in differential 
input voltage required to produce it. 

Shunt gain: The ratio of the specified output voltage 
swing to the change in differential input voltage required 
to produce it with the output tied to the V + terminal 
of the 1C. The load arid power source are connected 
between the V + and V terminals, and input common- 
mode is referred to the V terminal. 

Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the 
extremes. 


Supply-voltage rejection: The ratio of the specified 
supply-voltage change to the change in offset voltage 
between the extremes. 

Line regulation: The average change in reference output 
voltage over the specified supply voltage range. 

Load regulation: The change in reference output voltage 
from no load to that load specified. 

Feedback sense voltage: The voltage, referred to V” 
on the reference feedback terminal while operating 
in regulation. 

Reference amplifier gain: The ratio of the specified 
reference output change to the change in feedback 
sense voltage required to produce it. 

Feedback current: The absolute value of the current 
at the feedback terminal when operating in regulation. 

Supply current: The current required from the power 
source to operate the amplifier and reference with 
their outputs unloaded and operating in the linear 
range. 
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National Operational Amplifiers/ Buffers 

Semiconductor 


LM101A/LM201A/LM301A Operational Amplifiers 


General Description 

The LM101A series are general purpose operational 
amplifiers which feature improved performance 
over industry standards like the LM709. Advanced 
processing techniques make possible an order of 
magnitude reduction in input currents, and a 
redesign of the biasing circuitry reduces the 
temperature drift of input current. Improved 
specifications include: 

■ Offset voltage 3 mV maximum over tempera- 
ture (LM101 A/LM201 A) 

■ Input current 100 nA maximum over tempera- 
ture (LM 101 A/LM201 A) 

■ Offset current 20 nA maximum over tempera- 
. ture (LM101 A/LM201 A) 

■ Guaranteed drift characteristics 

■ Offsets guaranteed over entire common mode 
and supply voltage ranges 

■ Slew rate of 10 V//lis as a summing amplifier 

This amplifier offers many features which make its 
application nearly foolproof: overload protection 
on the input and output, no latch-up when the 
common mode range is exceeded, freedom from 
oscillations and compensation with a single 30 pF 


capacitor. It has advantages over internally com- 
pensated amplifiers in that the frequency compen- 
sation can be tailored to the particular application. 
For example, in low frequency circuits it can be 
overcompensated for increased stability margin. Or 
the compensation can be optimized to give more 
than a factor of ten improvement in high frequen- 
cy performance for most applications. 


In addition, the device provides better accuracy 
and lower noise in high impedance circuitry. 
The low input currents also make it particu- 
larly well suited for long interval integrators 
or timers, sample and hold circuits and low fre- 
quency waveform generators. Further, replacing 
circuits where matched transistor pairs buffer 
the inputs of conventional 1C op amps, it can 
give lower offset voltage and drift at a lower cost. 


The LM101A is guaranteed over a temperature 
range of — 55° C to +125°C, the LM201A from 
— 25°C to +85°C, and the LM301A from 0°C 
to 70°C. 


Schematic** and Connection Diagrams (Top Views) 




Dual-1 n-Line Package 


Note: Pin 4 connected to case. 

Order Number LM101AH, 
LM201AH or LM301AH 
See NS Package H08C 


Dual-In-Line Package 



I COMPENSATION 


Order Number 
LM301AJ 

See NS Package J08A 

Order Number LM301AN 
See NS Package N08A 



-12 COMPENSATION 


Note: Pin 6 connected to bottom of package. 

Order Number LM101AJ-14, 
LM201AJ-14 or LM301AJ 
See NS Package J14A 


•Pin connections shown are for metal can. 
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LM101A/LM201A/LM301A 




LM101A/LM201A/LM301A 


Absolute Maximum Ratings 








LM101A/LM201 A 



LM301A 




Supply Voltage 

±22 V 



±18V 




Power Dissipation (Note 1) 

500 mW 



500 mW 




Differential Input Voltage 

±30V 



±30V 




Input Voltage (Note 2) 

±15V 



±15V 




Output Short Circuit Duration (Note 3) Indefinite 



Indefinite 




Operating Temperature Range 

-55°C to +125°C (LM101A) 



0°C to +70°C 





— 25°C to +85°C (LM201A) 





Storage Temperature Range 

-65°C to +150°C 



-65°C to +150°C 




Lead Temperature (Soldering, 10 seconds) 300°C 



300° C 



- 

Electrical Characteristics (Note 4) 







PARAMETER 

CONDITIONS 

LM101 A/LM201A 

LM301A 

UNITS 

MIN 

TYP MAX 

MIN TYP 

MAX 

Input Offset Voltage 

Ta = 25°C 







LM101A, LM201A, LM301A 

R S <50 kS2 



0.7 2.0 

2.0 

7.5 

mV 

Input Offset Current 

Ta = 25°C 



1.5 10 

3.0 

50 

nA 

Input Bias Current 

Ta = 25°C 



30 75 

70 

250 

nA 

Input Resistance 

T A = 25°C 


1.5 

4.0 

0.5 2.0 


MS7 

Supply Current 

Ta = 25° C 

V S = ±20V 



1.8 3.0 



mA 


V S = ±15V 




1.8 

3.0 

mA 

Large Signal Voltage Gain 

Ta = 25°C, Vs = ±15V 

VOUT = ±10V. Rl > 2 k£2 


50 

160 

25 160 


V/mV 

Input Offset Voltage 

RS < 50 kft 



3.0 


10 

mV 


R S < 10 kfi 






mV 

Average Temperature Coeffi- 

RS < 50 kO 



3.0 15 

6.0 

30 

juV/°C 

cient of Input Offset Voltage 

RS<10kS2 






pV/°C 

Input Offset Current 




20 


70 

nA 


Ta = Tmax 






nA 

— 

Ta = Tmin 






nA 

Average Temperature Coeffi- 

25°C<T A <TmaX 



0.01 0.1 . 

0.01 

0.3 

nA/°C 

cient of Input Offset Current 

TmIN<Ta<25°C 



0.02 0.2 

0.02 

0.6 

, nA/°C 

Input Bias'Current 




0.1 


0.3 

juA 

Supply Current 

T A = TmAX.V S = ±20V 



1.2 2.5 



mA 

Large Signal Voltage Gain 

V S = ±15V,VoUT = ± 10V, 

R L >2k 


25 


15 


V/mV 

Output Voltage Swing 

Vs = ±15V 

R L - 10 kS2 


±12 

±14 

±12 ±14 


V 


RL = 2 k£2 


±10 

±13 

±10 ±13 


V 

Input Voltage Range 

Vs = ±20V 


±15 




V 


V S = ±15V 


+15, -13 

±12 +15,-13 


V 

Common-Mode Rejection Ratio 

RS < 50 kft 


80 

96 

70 90 


dB 


RS<10k« 






dB 

Supply Voltage Rejection Ratio 

RS<50kft 


80 

96 

70 96 


dB 


RS<10kJ2 






dB 

Note 1: The maximum junction temperature of the LM101A is 150°C, 

and that of the LM201 A/LM301 A is 100°C. For operating at elevated 

temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to 

case. The thermal resistance of the dual-iri-line package is 187° C/W, junction to ambient. 





Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 



Note 3: Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 75°C for LM101 A/LM201 A, and 70°C 

and 55 C respectively for LM301 A. 







Note 4: Unless otherwise specified, these specifications apply for Cl = 30 pF, ±5V < V§ < ±20V and -55°C < T/\ < +125°C (LM101A), 
±5V < V s < ±20V and -25°C < T A < +85°C (LM201 A), ±5V < V s < ±15V and 0°C < T A < +70°C (LM301 A). 
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INPUT VOLTAGE RANGE (±V) 
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LM101A/LM201A/LM301A 





LM101A/LM201A/LM301A 


Typical Performance Characteristics (Continued) 


Input Current, LM101A/ 
LM201A/LM301 A 



-50 0 50 100 150 200 

TEMPERATURE (°C) 



0 5 10 15 20 25 30 

OUTPUT CURRENT (SmA) 


Input Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 



FREQUENCY (Hz) 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Power Supply Rejection 



Closed Loop Output Impedance 
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Typical Performance Characteristics 
for Various Compensation Circuits** 


Single Pole Compensation 


Two Pole Compensation 




Feedforward Compensation 



**Pin connections shown are for metal can. 



1 10 100 Ik 10k 100k 1M 10M 


FREQUENCY (H 2 ) 


Open Loop Frequency Response 




10 100 Ik 10k 100k 1M 10M 100M 
FREQUENCY (Hz) 



Voltage Follower Pulse Response 



0 10 20 30 40 SO 60 70 BO 


Voltage Follower Pulse Response 



0 10 20 30 40 50 60 70 80 



0 1 2 3 4 5 6 7 8 


TIME (ps) 


TIME (ms) 


TIME (ms) 
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LM101A/LM201A/LM301A 









LM101A/LM201A/LM301A 


Typical Applications * * 

Variable Capacitance Multiplier Simulated Inductor Fast Inverting Amplifier With High 

Input Impedance 





Inverting Amplifier Sine Wave Oscillator Integrator with Bias Current Compensation 




Protecting Against Gross 
Fault Conditions 



+ Protects output -not needed when R4 is used. 


Compensating For Stray Input 
Capacitances Or Large Feedback 
Resistor 




Although the LM101A is designed for trouble free operation, experience has 
indicated that it is wise to observe certain precautions given below. to protect the 
devices from abnormal operating conditions. It might be pointed out that the 
advice given here is applicable to practically any 1C op amp,, although the exact 
reason why may differ with different devices. 

When driving either input from a low-impedance source, a limiting resistor should 
be placed in series with the input lead to limit the peak instantaneous output 
current of the source to something less than 100 mA. This is especially important 
when the inputs go outside a piece of equipment where they could accidentally be 
connected to high voltage sources. Large capacitors on the input (greater than 
0.1 nF) should be treated as a low source impedance and isolated with a resistor. 
Low impedance sources do not cause a problem unless their output voltage ex- 
ceeds the supply voltage. However, the supplies go to zero when they are turned 
off, so the isolation is usually needed. 

The output circuitry is protected against damage from shorts to ground. However, 
when the amplifier output is connected to a test point, it should be isolated by 
a limiting , resistor, as test points frequently get shorted to bad places. Further, 
when the amplifier drives a load external to the equipment, it is also advisable 
to use some sort of Limiting resistance to preclude mishaps. 

Precautions should be taken to insure that the power supplies for the integrated 
circuit never become reversed-even under transient conditions. With reverse volt- 
ages greater than IV, the 1C will conduct excessive current, fuzing internal 
aluminum interconnects. If there is a possibility of this happening, clamp diodes 
with a high peak curren| rating should be installed on the supply lines. Reversal of 
the voltage between V and V - will always cause a problem, although reversals 
with respect to ground may also give difficulties in many circuits. 

The minimum values given for the frequency compensation capacitor are stable 
only for source resistances less than 10 k£2, stray capacitances on the summing 
junction less than 5 pF and capacitive loads smaller than 100 pF. If any of these 
conditions are not met, it becomes necessary to overcompensate the amplifier 
with a larger compensation capacitor. Alternately, lead capacitors can be used in 
the feedback network to negate the effect of stray capacitance and large feedback 
resistors or an RC network can be added to isolate capacitive loads. 

Although the LM101A is relatively unaffected by supply bypassing, this cannot 
be ignored altogether. Generally it is necessary to bypass the supplies to ground at 
least once on every circuit card, and more bypass points may be required if more 
than five amplifiers are used. When feed-forward compensation is employed, how- 
ever, it is advisable to bypass the supply leads of each amplifier with Jow 
inductance capacitors because of the higher frequencies involved. 


**Pin connections shown are for metal can. 
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1 


Typical Applications* (Continued) 


Standard Compensation and 

Offset Balancing Circuit Fast Summing Amplifier 




Fast Voltage Follower 


Bilateral Current Source 



Fast AC/ DC Converter* 


Instrumentation Amplifier 


R6 C2 




Integrator with Bias Current Compensation 


Low Frequency Square Wave Generator 




LOW IMPEDANCE 
OUTPUT 

CLAMPED 

OUTPUT 


Voltage Comparator for Driving 
RTL Logic or High Current Driver 



**Pin connections shown are for metal 


Low Drift Sample and Hold 


Qt 



Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 


OUTPUT 
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LM101A/LM201A/LM301A 




LH2101A/LH2201 A/LH2301A 


Kn National Operational j 

wjL I Semiconductor 

LH21 01 A/LH2201 A/LH2301 A Dual High 
Performance Op Amp 


Operational Amplifiers/Buffers 


general description 

The LH2101A series of dualoperational amplifiers 
are two LM 101 A type op amps in a single hermetic 
package. Featuring all the same performance char- 
acteristics of the single* these duals offer in addition 
closer thermal tracking, lower weight, reduced 
insertion cost, and smaller size than two singles. 
For additional information, see the LM101A data 
sheet and National's Linear Application Handbook. 

The LH2101A is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH2201A is specified for operation over the 

connection diagram 


NON INV INPUT O' I + 


-25°C to +85 C temperature range. The LH2301A 
is specified for operation over the 0°C to +70°C 
temperature range. 

features 

■ Low offset voltage 

■ Low offset current 

■ Guaranteed drift characteristics 

■ Offsets guaranteed over entire common mode 
and supply voltage ranges 

■ Slew rate of 10V/jis as a summing amplifier 


—1^0 BALANCE 
2 — OUTPUT 
U COMPENSATION 

—— OUTPUT 

— Lo BAl'COMPENSATION ■ 


10q OUTPUT 

COMPENSATION 

— OUTPUT 

— BAL'COMPENSATION 
9 - . 


auxiliary circuits 


Inverting Amplifier with Balancing Circuit 


Order Number LH2101AD or 
LH2201AD or LH2301AD 
See Package D16C 


Alternate Balancing Circuit 


Single Pole Compensation 





Two Pole Compensation 



Feedforward Compensation 
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absolute maximum ratings 





Supply Voltage 

Power Dissipation (Note 1) 
Differential Input Voltage 

Input Voltage (Note 2) 

Output Short Circuit Duration 

122 V 

500 mW 

130 V 

115V 

Continuous 

Operating Temperature Range LH2101A 

LH2201A 

LH2301A 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

-55 C to 125 C 
-25 Cto 85 J C 

0 C to 70°C 
-65 'C to 150'' C 

300' C 

electrical characteristics each side (Note 3) 




PARAMETER 

CONDITIONS 

LIMITS 


LH2101A 

LH2201A 

LH2301A 


Input Offset Voltage 

T a = 25°C. R s < 50 k « 

20 

20 

7.5 

mV Max 

Input Offset Current 

T a = 25°C 

10 

10 

50 

nA Max 

Input Bias Current 

T a = 25° C 

75 

75 

250 

nA Max 

Input Resistance 

T a = 25°C 

1.5 

1.5 

0.5 

M£2 Min 

Supply Current 

T a = 25°C, V s = ±20V 

3.0 

33 

30 

mA Max 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V 

V OU T = ±10V, R L >2kS2 

50 

50 

25 

V/mV Min 

Input Offset Voltage 

R s £50kS2 

3.0 

3.0 

10 

mV Max 

Average Temperature 

Coefficient of Input 

Offset Voltage 


15 

15 

30 

pV/°C Max 

Input Offset Current 


20 

20 

JO 

nA Max 

. Average T emperature 

Coefficient of Input 

Offset Current 

25°C < T a < 125°C 
-55°C < T a < 25°C 

0 1 

0.2 

0 1 

02 

0.3 

0.6 

nA/°C Max 
nA/°C Max 

Input Bias Current 


100 

100 

300 

nA Max 

Supply Current 

T a - +125°C, V s = 120V 

2.5 

25 


mA Max 

Large Signal Voltage Gain 

V s = ±15V, Vqut = ±10V 

R L > 2 kS2 

25 

25 

15 

V/mV Min 

Output Voltage Swing 

V s = ±15V, R l = 10 kX2 

R L = 2 kS2 

112 

no 

+ 12 

no 

112 

110 

V Min 

V Min 

Input Voltage Range 

Vg - 120V 

115 

±15 

112 

V Mm 

Common Mode 

R s <50kS2 


80 

70 

dB Min 

Rejection Ratio 

80 


Supply Voltage 

Rejection Ratio 

R s < 50 kS2 

80 

80 

70 

dB Min 

Note 1: The maximum junction temperature of the LH2101A is 150° C. while that of the LH2201A is 100°C. For operating tem- 
peratures of devices in Jhe flat package, the derating is based on a thermal resistance of 185° C/W when mounted on a 1/1 6-inch-thick 
epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 100° C/W, 
junction to ambient. 


Note 2: For supply voltages lens than 1 15V, the absolute maximum input voltage is equal to the supply voltage. 



Note 3: These specifications apply for *5V < Vs < i20V and -55° C ^ T^ < 125°C, unless otherwise specified. With the LH2201A, 
however, all temperature specifications are limited to -25° C < T/\ < 85° C. For the LH2301 A these specifications apply for 0°C T^ < 

70° C, and 1 5V < Vg < ± 15V. Supply current and input voltage range are specified as Vg = ±15V for the LH2301 A. C^ = 30pF unless 
otherwise specified. 
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LH21 01 A/LH2201 A/LH2301 A 




LM102/LM202/LM302 




National 1 
Semiconductor 


Operational Amplifiers/Buffers 


LM102/LM202/LM302 Voltage 

General Description 

The LM102 series are high-gain operational 
amplifiers designed specifically for unity-gain 
voltage follower applications. Built on a single 
silicon chip, the devices incorporate advanced 
processing techniques to obtain very low input 
current and high input impedance. Further, the 
input transistors are operated at zero collector- 
base voltage to virtually eliminate high tempera- 
ture leakage currents. It can therefore be operated 
in a temperature stabilized component oven to 
get extremely low input currents and low offset 
voltage drift. Other outstanding characteristics 
of the device include: 

• Fast slewing — 10V//is 

• Low input current — 10 nA (max) 


Followers 


• High input resistance — 10,000 MS2 

• No external frequency compensation required 

• Simple offset balancing with optional 1 K poten- 
tiometer 

• Plug-in replacement for both the LM101 and 
LM709 in voltage follower applications. 

The LM102, which is designed to operate with sup- 
ply voltages.between ±12V and ±15V, also features 
low input capacitance as well as excellent small sig- 
nal and large signal frequency response — all of 
which minimize high frequency gain error. Because 
of the low wiring capacitances inherent in mono- 
lithic construction, this fast operation can be real- 
ized without increasing power consumption. 


Schematic** and Connection Diagrams 



Metal Can Package 



INPUT _ CU BOOSTER 


Note: Pin 4 connected to case. 

Order Number LM102H, LM202H 
or LM302H 
See NS Package H08C 


Sample and Hold With 
Offset Adjustment 


Typical Applications * 

Low Pass Active Filter 



-p,, | 


’Polycarbonate-dielectric capacitor. 


-47Q P F ’Values are for 10 KHz cutoff. 

Use silvered mica capacitors for 
good temperature stability. 


High Pass Active Filter 


> 110K *V® lues are f° r 10® Hz cutoff. Use 
^ metalized polycarbonate capacitors 

■=■ for good temperature stability 

**Pin connections shown are for metal can. 


High Input Impedance 
AC Amplifier 



3-74 






Absolute Maximum Ratings 


Supply Voltage 

Power Dissipation (Note 1 ) 

Input Voltage (Note 2) 

Output Short Circuit Duration (Note 3) 
Operating Temperature Range LM102 
LM202 
LM302 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


±1 8V 
500 mW 
±1 5V 
Indefinite 
-55° C to 125°C 
—25° C to 85° G 
0°C to 70° C 
-65° C to 150°C 
300°C 


Electrical Characteristics (Note 4) 



CONDITIONS 

i LM102 i 

| LM202 i 

; LM302 | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

T A = 25°C 


2 

5 


3 

10 


5 

15 

mV 

Input Bias Current 

T A = 25°C 


3 

10 


7 

15 


10 

30 

nA 

input Resistance 

T A = 25° C 

ioio 

10 12 


10™ 

10 12 


10 9 

,10 12 


n 

Input Capacitance 




3.0 


3.0 



3.0 


pF 

Large Signal Voltage 

T A = 25°C, Vs = ±15V. 

0.999 

0.9996 


• 0.999 

0.9995 

1.0 

0.9985 

0.9995 

1.0 

V/V 

Gain 

VOUT = ± 10V, Rl = 8 kfi 











Output Resistance 

T A = 25°C 


0.8 

2.5 


0.8 

2.5 


0.8 

2.5 

SI 

Supply Current 

T A = 25° C 


3.5 

5.5 


3.5 

5.5 


3.5 

5.5 

mA 

Input Offset Voltage 




7.5 



15 



20 

mV 

Offset Voltage 
Temperature Drift 



6 



15 



20 


mv/°c 

Input Bias Current 

T A = T A MAX 


3 

10 


1.5 

5.0 


3.0 

15 

nA 


t a = t a min 


30 

100 


30 

50 


20 

50 

nA ' 

Large Signal Voltage 

Vs = ±15V, VOUT = ± 10V 

0.999 










Gain 

R|_= 10 kS2 











Output Voltage Swing 

Vs = ±15V, R|_ = 10 kS2, 
(Note 5) 

±10 



±10 



±10 



V 

Supply Current 

T A = 125°C 


2.6 

4.0 







mA 

Supply Voltage 
Rejection Ratio 

±12V< Vs< ±15V 

60 



60 



60 



dB 


Note 1: The maximum junction temperature of the LM102 is 150°C, while that of the LM202 is 100°C and that of the LM302 is 85° C. For 
operating at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, 
or 45°C/W, junction to case. For the flat package, the derating is based on a thermal resistance of 185° C/W when mounted on a 1/16 inch thick 
epoxy glass board with ten, 0.03 inch wide, 2 ounce copper conductors. The thermal resistance of the dual-in-line package is 100°C/W, junction 
to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit for the LM102 and LM202 is allowed for case temperatures to 125°C and ambient temperatures to 70°C.For the 
LM302, continuous short circuit is allowed for 70° C case or 55° C ambient temperature. It is necessary to insert a resistor greater than 2 kJ2 in 
series with the input when the amplifier is driven from low impedance sources to prevent damage when the output is shorted. 

Note 4: These specifications apply for ±12V < Vs < ±15V and -55°C < T/^ < 125°C for the LM102, -25°C < T/\ < 85°C for the LM202, 
and 0°C < T^ < 70° C for the LM302 unless otherwise specified. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V - terminals. See curve. 
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LM102/LM202/LM302 









LM102/LM202/LM302 
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VOLTAGE GAIN (V/V) 





AMBIENT TEMPERATURE ( U C) 




LM102/LM202/LM302 






National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM107/LM207/LM307 Operational Amplifiers 


General Description 

The LM107 series are complete, general purpose 
operational amplifiers, with the necessary frequency 
compensation built into the chip. Advanced proc- 
essing techniques make the input currents a factor 
of ten lower than industry standards like the 709. 
Yet, they are a direct, plug-in replacement for the 
.709, LM101, LM101 A and 741. 

■ Offset voltage 3 mV maximum over tempera- 
ture 

■ Input current 100 nA maximum over tempera- 
ture 

■ Offset current 20 nA maximum over tempera- 
ture 

■ Guaranteed drift characteristics 


The LM107 series offers the features of the 
LM101, which makes its application nearly fool- 
proof. In 'addition, the device provides better 
accuracy and lower noise in high impedance 
circuitry. The low input currents also make it 
particularly well suited for long interval integrators 
or timers, sample and hold circuits and low 
frequency waveform generators. Further, replacing 
circuits where matched transistor pairs buffer the 
inputs of conventional 1C op amps, it can give 
lower offset voltage and drift at a lower cost. 

The LM107 is guaranteed over a -55°C to +125°C 
temperature range, the LM207 from — 25°C to 
+85° C and the LM307 from 0°C to +70°C. 


Schematic** and Connection Diagrams 

Metal Can Package 




Note: Pin 4 connected to case. 

TOP VIEW 

Order Number LM107H, LM207H 
or LM307H 
See NS Package H08C 


Dual-ln-Line Package Dual-ln-Line Package 




Order Number LM107J, 
LM207J or LM307J 
See NS Package J08A 
Order Number LM307N 
See NS Package N08A 


Order Number LM107J-14, 
LM207J-14 or LM307J-14 
See NS Package J14A 


* # Pin connections shown are for metal can. 
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LM107/LM207/LM307 




LM107/LM207/LM307 


Absolute Maximum Ratings 









LM107/LM207 

LM307 







Supply Voltage ±22V 

Power Dissipation (Note 1) 500 mW 

Differential Input Voltage ±30V 

Input Voltage (Note 2) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 

(LM107) -55° C to +125°C 

(LM207) -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

±18V 

500 mW 
+30V 
±15V 

indefinite 

0°C to +70°C 

-65° C to +150°C 

300° C 

LM107 

LM207 

LM307 ( 

1M1N 

-55°C 

-25°C 

)°C 

Tmax 

+125°C 

+85°C 

+70°C 



Electrical Characteristics (Note 3 i 








PARAMETER 

CONDITIONS 

LM107/LM207 [ 

| LM307 | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

T A = 25°C, Rs< 50 kft 


0.7 

2.0 


2.0 

7.5 

mV 

Input Offset Current 

T A = 25° C 


1.5 

10 


3.0 

50 

nA ' 

Input Bias Current 

T A = 25° C 


30 

75 


70 

250 

nA 

Input Resistance 

T A = 25° C 

1.5 

4.0 


0.5 

2.0 


MO 

Supply Current 

T A = 25° C 

V$ = ±20V 


1.8 

3.0 




mA 


V S = ±15V 





1.8 

3.0 

mA 

Large Signal Voltage 

T A = 25°C, Vs = ±15V 








Gain 

VoUT = ± 10V, RL>2k£2 

50 

160 


25 

160 


V/mV 

Input Offset Voltage 

RS < 50 k£2 



3.0 



10 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 



3.0 

15 


6.0 

30 

juV/°C 

Input Offset Current 




20 



70 

nA 

Average Temperature 

25°C<T A <T MAX 


0.01 

0.1 


0.01 

0.3 

nA/°C 

Coefficient of Input 

Offset Current 

TmIN<T A <25°C 


0.02 

0.2 


0.02 

0.6 

nA/°C 

Input Bias Current 




100 



300 

nA 

Supply Current 

T A = +125°C, Vs = ±20V 


1.2 

2.5 




mA 

Large Signal Voltage 

V S = ±15V, Vqut = ilQV 








Gain 

R|_>2k£2 

25 



15 



V/mV 

Output Voltage Swing 

Vs = ±l5V 

RL=10k^2 

±12 

±14 


±12 

±14 


V 


RL = 2 kfi 

' 

±10 

±13 


±10 

±13 


V 

Input Voltage Range 

V S = ±20V 

±15 






V 


V S = ±15V 




±12 



V 

Common Mode 

RS < 50 kft 

80 

96 

, i 

70 

90 


dB 

Rejection Ratio 

Supply Voltage 
Rejection Ratio 

RS<50kfi 

80 

96 


70 

96 


dB 


Note 1: The maximum junction temperature of the LM107 is 150°C, and the LM207/LM307 is 100°C. For operating at elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The 
thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than -15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for ±5V < Vg < +20V and -55°C < T A <+125°Cfor the LM107or-25°C <T^ < +85°Cfor the LM207, and 
0°C < T/\ < +70°C and ±5V < Vg < ±15V for the LM307 unless otherwise specified. 


3-80 


















OUTPUT SWING SUPPLY CURRENT (mA) INPUT VOLTAGE RANGE (*V) 


Guaranteed Performance Characteristics LM107/LM207 


Input Voltage Range 


Output Swing 


-LM107:-55 C<T A <125°CJ 
LM207: -25°C <T A <85°C 


10 15 

SUPPLY VOLTAGE (IV) 


LM107: -55°C <T A <125°C| 
- LM207: -25°C<T A ^85°C 


10 15 

SUPPLY VOLTAGE (±V) 


- LM107: -55°C <T a £125°C - 
_ LM207: -25°C <T A <85°C _ 


SUPPLY VOLTAGE (±V> 


Guaranteed Performance Characteristics 


Input Voltage Range 


Output Swing 





















































Pr 

H 







\ 

□ 







o a c<- 

r A : 

;70 

c 





i m m 

■ 



SUPPLY VOLTAGE (±V> 


SUPPLY VOLTAGE (tV) 


Typical Performance Characteristics 


Supply Current 



10 15 

SUPPLY VOLTAGE (±V) 





1 




1 






T a * 25°C 

Ta = U5°C “ 


10 15 20 

SUPPLY VOLTAGE (±V) 



SUPPLY VOLTAGE (±V) 


Input Current 





vf i i i r 

\ BIAS LM307 _ 







N 

1 1 












- 

- 


i I li M 

K BIAS, LM107/LM207- 

1 i i i l 

- 

- 












1 





- 

- 

- 

.Mill 

OFFSET, LM307 ' 

- 

- 

- 

- 

5s 


T-l 

•5 ^OFFSET 

r if ij 

, LM107/LM207 | 




n± 


_ 

I 

□ 


-50 0 50 100 150 200 

TEMPERATURE (°C) 


Current Limiting 



5 10 15 20 25 30 

OUTPUT CURRENT (tmA) 


Input Noise Voltage 


Input Noise Current 


100 Ik 10k 100k 

FREQUENCY (Hz) 
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LM107/LM207/LM307 



LM107/LM207/LM307 


Typical Performance Characteristics (Continued) 


Open Loop 
Frequency Response 



1 10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


Large Signal 
Frequency Response 



10K 100K 

FREQUENCY (Hz) 


Voltage Follower 
Pulse Response 




















NPUT-i 

UK 

uu 

■■ 

■sc 

■ 

D 


~ 

■1 

■1 

■1 

■1 

MM 

d 


— 

d 


0 10 20 30 40 50 60 70 
TIME (ms) 


Typical Applications* 


Inverting Amplifier 


Non-Inverting AC Amplifier 


Norl-lnverting Amplifier 



VoUT = ~ jjy V| N 
R,N = R1 




Tunable Notch Filter 


Differential Input Instrumentation Amplifier 



R1 = B2 = R3 
R4 = R5=¥ 



*Pin connections shown are for metal can. 
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National Operational Amplifiers/Buffers 

Semiconductor 


LM108/LM208/LM308 Operational Amplifiers 

General Description 


The LM108 series are precision operational ampli- 
fiers having specifications a factor of ten better 
than FET amplifiers over a -55°C to +125°C 
temperature range. Selected units are available 
with offset voltages less than 1.0 mV and drifts 
less than 5/iV/°C, again over the military tempera- 
ture range. This makes it possible to eliminate 
offset adjustments, in most cases, and obtain 
performance approaching chopper stabilized 
am pi if iers. 

The devices operate with supply voltages from 
±2V to ±20V and have sufficient supply rejection 
to use unregulated supplies. Although the circuit 
is interchangeable with and uses the same compen- 
sation as the LM101A, an alternate compensation 
scheme can be used to make it particularly insen- 
sitive to power supply noise and to make supply 
bypass capacitors unnecessary. Outstanding char- 
acteristics include: 


■ Maximum input bias current of 3.0 nA over 
temperature 

■ Offset current less than 400 pA over tempera- 
ture 

■ Supply current of only 300 juA, even in satura- 
tion 

■ Guaranteed drift characteristics 

The low current error of the LM108 series makes 
possible many designs that are not practical with 
conventional amplifiers. In fact, it operates from 
10M£2 source resistances, introducing less error 
than devices like the 709 with 10k£2 sources. 
Integrators with drifts less than 500juV/sec and 
analog time delays in excess of one hour can be 
made using capacitors no larger than 1 /iF. 

The LM108 is guaranteed from -55°C to +125° C, 
the LM208 from -25°C to +85° C, and the LM308 
from 0°C to +70° C. 


Compensation Circuits 



Feedforward Compensation 


C2 

5pF 



Typical Applications 


Sample and Hold 



30 pF 


High Speed Amplifier with Low Drift 
and Low Input Current 


Rin 
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LM108/LM208/LM308 


Absolute Maximum Ratings 

LM108/LM208 LM308 


Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Current (Note 2) 

Input Voltage (Note 3) 

Output Short-Circuit Duration 
Operating Temperature Range (LM108) 
(LM208) 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


±20V 
500 mW 
±10 mA 
±15V 
Indefinite 
-55° C to +125°C 
— 25°C to +85° C 
-65° C to +1 50° C 
300°C 


* ±18V 

500 mW 
±10 mA 
±15V 
Indefinite 
0°C to +70° C 

-65°C to +150°C 
300° C 


Electrical Characteristics (Note 4) 




! LM108/LM208 j 

! LM308 | 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

T A = 25° C 


0.7 

2.0 


2.0 

7.5 

mV 

Input Offset Current 

T A = 25°C 


0.05 

0.2 


0.2 

1 

nA 

Input Bias Current 

Ta = 25°C 


0.8 

2.0 


1.5 

7 

nA 

Input Resistance 

Ta = 25° C 

30 

70 


10 

40 


M£2 

Supply Current 

Ta = 25° C . ' 


0.3 

0.6 


0.3 

0.8 

mA 

Large Signal Voltage Gain 

T A = 25° C, Vs = ±15V, 

vout = ±iov, r l > io kn 

50 

300 


25 

300 


V/mV 

Input Offset Voltage 




3.0 



10 

mV 

Average Temperature 
Coefficient of Input Offset 
Voltage 



3.0 

15 


6.0 

30 

MV/°C 

Input Offset Current 




0.4 



1.5 

nA 

Average Temperature 
Coefficient of Input Offset 

Current 



0.5 

2.5 


2.0 

10 

pA/°C 

Input Bias Current 




3.0 



10 

nA 

Supply Current 

Ta= 125°C 


0.15 

0.4 




mA 

Large Signal Voltage Gain 

Vs = ±15V, V O UT = ± 10V 

r l > io kn 

25 



15 



V/mV 

Output Voltage Swing 

Vs = ±15V, Rl= 10 kn 

±13 

±14 


±13 

±14 


V 

Input Voltage Range 

Vs = ±15V 

±13.5 



±14 



V 

Common-Mode Rejection 

Ratio 


85 

100 


80 

100 


dB - 

Supply Voltage Rejection 

Ratio 


80 

96 


80 

96 


dB 


Note 1: The maximum junction temperature of the LM108 is 150°C,forthe LM208, 1 00° C and for the LM308, 85°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45° C/W, junction to 
case. The thermal resistance of the dual-in-line package is 100° C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V < Vg < ±20V and -55° C < Ta < 125°C, unless otherwise specified. With the LM208, however, 
all temperature specifications are limited to -25°C < Ta < 85°C, and for the LM308 they are limited to 0°C < Ta < 70°C. 
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VOLTAGE GAIN (dB) VOLTAGE GAIN (dB) INPUT NOISE (nV/ %/Hi) INPUT CURRENT (nA) 


Typical Performance Characteristics lmios/lm 208 


Input Currents 
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Schematic Diagram and Compensation Circuits 


COMPENSATION COMPENSATION 



Standard Compensation Circuit 

R1 R2 



Alternate* Frequency Compensation 


R1 R2 



Typical Applications (Continued) 

Sample and Hold Fast' 1 ' Summing Amplifier 




Connection Diagrams 


Metal Can Package 


Dual-In-Line Package 


Dual-In-Line Package 


COMP 2 



Note: Pm 4 connected to case. 


Order Number LM108H 
LM208H or LM308H 
See NS Package H08C 

*Pin connections shown on schematic diagram are for TO-5 package. 
**Unused pin (no internal connection) to allow for input anti-leakage 
guard ring on printed circuit board layout. 



TOP VIEW 

Order Number LM108J, 
LM208J or LM308J 
See NS Package J14A 



Order Number LM108J-8, 
LM208J-8 or LM308J-8 
See NS Package J08A 
Order Number LM308N 
See NS Package N08B 
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LM108A/LM208A/LM308A, 
LM308A-1, LM308A-2 


5 


National Operational Amplifiers/ Buffers 

Semiconductor 

LM108A/LM208A/LM308A, LM308A-1, LM308A-2 


Operational Amplifiers 

General Description 

The LM108/LM108A series are precision opera- 
tional amplifiers having specifications about a 
factor of ten better than FET amplifiers over 
their operating temperature range. In addition to 
low input currents, these devices have extremely 
low offset voltage, making it possible to eliminate 
offset adjustments, . in most cases, and obtain 
performance approaching chopper stabilized 
amplifiers. 

The devices operate with supply voltages from 
±2V to ±18V and have sufficient supply rejection 
to use unregulated supplies. Although the circuit is 
interchangeable with and uses the same compensa- 
tion as the LM101A, an alternate compensation 
scheme can be used to make it particularly insensi- 
tive to power supply noise and to make supply 
bypass capacitors unnecessary. Outstanding char- 
acteristics include: 

■ Offset voltage guaranteed less than 0.5 mV 

■ Maximum input bias current of 3.0 nA over 
temperature 


■ Offset current less than 400 pA over tempera- 
ture 

■ Supply current of only 300 /iA, even in 
saturation 

■ Guaranteed 5 jLtV/°C drift. 

■ Guaranteed 1 /jV/°C for LM308A-1 

The low current error of the LM108A series makes 
possible many designs that are not practical with 
conventional amplifiers. In fact, it operates from 
10 M£2 source resistances, introducing less error 
than devices like the 709 with 10 k£2 sources. Inte- 
grators with drifts less than 500 juV/sec and analog 
time delays in excess of one hour can be made 
using capacitors no larger than 1 fif. 

The LM208A is identical to the LM108A, except 
that the LM208A has its performance guaranteed 
over a -25°C to 85°C temperature range, instead 
of — 55° C to 125°C. The LM308A devices have 
slightly-relaxed specifications and performance 
guaranteed over a 0°C to 70°C temperature range. 


Compensation Circuits 

Standard Compensation Circuit 

R1 R2 


Alternate* Frequency Compensation 

R1 R2 




Feedforward Compensation 


C2 



Typical Applications 


Sample and Hold 



High Speed Amplifier with Low Drift 
and Low Input Current 

Bin r f 
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LM108A/LM208A 

Absolute Maximum Ratings 





Supply Voltage ±20V 

Power Dissipation (Note 1) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range LM108A' -55°Cto125°C 

LM208A -25°C to 85°C 

Storage Temperature Range -65°Cto150°C 

Lead Temperature (Soldering, 10 sec) 300°C 




Electrical Characteristics (Note 4 ) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T A =' 25° C 


0.3 

0.5 

mV 

Input Offset Current 

T a = 25° C 


0.05 

0.2 

nA 

Input Bias Current 

T A = 25° C 


0.8 

2.0 . 

nA 

Input Resistance 

T a = 25° C 

30 

70 


Mil 

Supply Current 

T a = 25°C 


0.3 

0.6 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ±1 5V 

Vqut = —10V, R l > 10kS2 

80 

300 


V/mV 

Input Offset Voltage 




1.0 

mV 

Average Temperature 
Coefficient of Input 

Offset Voltage 



1.0 

5.0 

pV/°C 

Input Offset Current 




0.4 

nA 

Average Temperature 
Coefficient of Input 

Offset Current 



0.5 

2.5 

pA/°C 

Input Bias Current 




3.0 

nA 

' Supply Current 

T a = +125° C 


0.15 

0.4 

mA 

Large Signal Voltage Gain 

V s = ±1 5V, V OU T = ±10V 
R L >10k£2 

40 



V/mV 

Output Voltage Swing 

V s = ±15V, R l = 10 k il 

±13 

±14 


V 

Input Voltage Range 

V s = ±15V 

±13.5 



V 

Common Mode Rejection 
Ratio 

- 

96 

110 


dB 

Supply Voltage Rejection 
Ratio 


96 

110 


dB 

Note 1: The maximum junction temperature of the LM108Ais 150°C, while that of the LM208A is 

100°C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal' resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The thermal 
resistance of the dual-in-line package is 100° C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications, apply for ±5V < V s < ±20V and -55°C < T A < 125°C, unless other- 
wise specified. With the LM208A, however, all temperature specifications are limited to 
-25°C <T A <85°C. 
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LM108A/LM208A/LM308A, 
LM308A-1, LM308A-2 



LM108A/LM208A/LM308A, 
LM308A-1, LM308A-2 


LM308A, LM308A-1, LM308A-2 


Absolute Maximum Ratings 

Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Current (Note 2) 

Input Voltage (Note 3) 

Output Short-Circuit Duration 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 


±18V 
500 mW 
' ±10 mA 
±1 5V 
Indefinite 

0°C to 70°C ^ 

-65° C to 150°C 
300° C 


Electrical Characteristics (Note 4) 


PARAMETER 

CONDITIONS 


TYP 

MAX 

UNITS 

Input Offset Voltage 

T A =25°C 


0.3 

0.5 

mV 

Input Offset Current 

Ta = 25° C 


0.2 

1 

nA 

Input Bias Current 

, Ta = 25°C 


1.5 

7 

nA 

Input Resistance 

Ta = 25° C 

10 

40 


M12 

Supply Current 

Ta = 25°C, Vs = ±15V 


0.3 

0.8 

mA 

Large Signal Voltage Gain 

Ta = 25°C, V S = ±15V, 

VOUT = ± 10V, R L > 10k£2 

80 

300 


V/m V 

Input Offset Voltage 

Vs = ±15V, Rs= 10CK2 





LM308A 




0.73 

mV 

LM308A-1 




0.54 

mV 

LM308A-2 




0.59 

mV 

Average Temperature Coefficient 
of Input Offset Voltage 

vs = ±i5v, Rs= won 





LM308A 



2.0 

5.0 

juV/°C 

LM308A-1 



0.6 

1.0 

£iV/°C 

LM308A-2 



1.3 

2.0 

AtV/°C 

Input Offset Current 




1.5 

nA 

Average Temperature Coefficient 
of Input Offset Current 



2.0 

10 

pA/°C 

Input Bias Current 




10 

nA 

Large Signal Voltage Gain 

Vs = ±15V, VoUT = ± 10V 

R L > lOkft 

60 



V/mV 

Output Voltage Swing 

Vs = ±15V, R L = 10kS2 

±13 

±14 


V 

Input Voltage Range 

V S = ±15V 

±14 



V 

Common-Mode Rejection Ratio 


96 

110 


dB 

Supply Voltage Rejection Ratio 


96 1 

110 


dB 


Note 1: The maximum junction temperature of the LM308A, LM308-1 and LM308-2 is 85°C. For operating at elevated temperatures, devices in 
the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, Or 45° C/W, junction to case. The thermal 
resistance of the dual-in-line package is 100°C/W junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V< Vg< ± 15V and 0°C<T/\< 70° C, unless otherwise specified. 
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Application Hints 

A very low drift amplifier poses some uncommon 
application and testing problems. Many sources of 
error can cause the apparent circuit drift to be 
much higher than would be predicted. 

Thermocouple effects caused by temperature grad- 
ient across dissimilar metals are perhaps the worst 
offenders. Only a few degrees gradient can cause 
hundreds of microvolts of error. The two places 
this shows up, generally, are the package-to print- 
ed circuit board interface and temperature gradients 
across resistors. Keeping package leads short and 
the two input leads close together help greatly. 

Resistor choice as well as physical placement is 
important for minimizing thermocouple effects. 
Carbon, oxide film and some metal film resistors 
can cause large thermocouple errors. Wirewound 
resistors of evenohm or manganin are best since 
they only generate about 2 juV/°C referenced to 
copper. Of course, keeping the resistor ends at 
the same temperature is important. General- 
ly, shielding a low drift stage, electrically and 
thermally will yield good results. 

Resistors can cause other errors besides gradient 
generated voltages. If the gain setting resistors do 
not track with temperature a gain error will result. 
For example a gain of 1000 amplifier with a con- 


Offset Adjustment for Inverting Amplifiers 


R3 



stant 10 mV input will have a 10V output. If the 
resistors mistrack by 0.5% over the operating temp- 
erature range, the error at the output is 50 mV. 
Referred to input, this is a 50juV error. All of the 
gain fixing resistor should be the same material. 

Offset balancing the LM308A-1 can be a problem 
since there is no easy offset adjustment incorpo- 
rated into the circuit. These devices are selected for 
low drift with no offset adjustment to the internal 
circuitry, so any change of the internal currents 
will change the drift — probably for the worse. 
Offset adjustment must be done at the input. The 
three most commonly needed circuits are shown 
here. 

Testing low drift amplifiers is also difficult. Stan- 
dard drift testing technique such as heating the 
device in an oven and having the leads available 
through a connector, thermoprobe, or the solder- 
ing iron method — do not work. Thermal gradients 
cause much greater errors than the amplifier drift. 
Coupling microvolt signal through connectors is 
especially bad since the temperature difference 
across the connector can be 50°C or more. The 
device under test along with the gain setting resis- 
tor should be isothermal. The following circuit 
will yield good results if well constructed. 


Offset Adjustment for Non-Inverting Amplifiers 


R5 



Offset Adjustment for Differential Amplifiers 


Drift Measurement Circuit 
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LM108A/LM208A/LM308A, 
LM308A-1, LM308A-2 


Schematic Diagram" 


COMPENSATION COMPENSATION 


*Pin connections shown on schematic diagram refer to TO-5 package. 

Connection Diagrams 



Order Number LM108AH, LM208AH, 
LM308AH, LM308AH-1 or LM308AH-2 
See NS Package H08C 


Metal Can Package 


COMP 2 



** Unused pin (no internal connection) to allow for input anti-leakage 
guard ring on printed circuit board layout. 


Order Number LM108AJ, LM208AJ, 
or LM308AJ 
See NS Package J14A 


Dual- In-Line Package 



TOP VIEW 


Dual-In-Line Package 



Order Number LM108AJ-8, 
LM208AJ-8 or LM308AJ-8 
See NS Package J08A 
Order Number LM208AN 
or LM308AN 
See NS Package N08B 


TOP VIEW 
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National 

Semiconductor 


Operational Amplifiers/Buffers 


LH21 08/LH2208/LH2308, 
LH2108A/LH2208A/LH2308A Dual Super Beta 
Op Amp 


general description 

The LH2108A/LH2208A/LH2308A and LH2108/ 
LH2208/LH2308 series of dual operational amp- 
lifiers are two LM108A or LM108 type op amps 
in a single hermetic package. Featuring all the 
same performance characteristics of the single 
device, these duals also offer closer thermal track- 
ing, lower weight, reduced insertion cost, and 
smaller size than two single devices. For additional 
information see the LM 108 A or LM108 data sheet 
and National's Linear Application Handbook. 

The LH2108A/LH2108 is specified for operation 
over the -55°C to +125°C military temperature 
range. The LH2208A/LH2208 is specified for 
operation over the -25°C to +85°C temperature 


range. The LH2308A/LH2308 is specified for 
operation over the 0°C to +70°C temperature 
range. 

features 

■ Low offset current 50 pA 

■ Low offset voltage 0.7 mV 

■ Low offset voltage LH2108A 0.3 mV 

LH2108 0.7 mV 

■ Wide input voltage range ±15V 

■ Wide operating supply range ±3V to ±20V 


connection diagram 



Order Number LH2108AD, LH2208AD. 
LH2308AD, LH2108D, LH2208D, 
or LH2308D 
See Package D16C 


auxiliary circuits 

Standard Compensation Circuit 

R1 R2 



Alternate* Frequency Compensation 


Rl R2 



Feedforward Compensation 
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LH2108/LH2208/LH2308, 
LH21 08A/LH2208A/LH2308A 




LH21 08/LH2208/LH2308, 
LH21 08A/LH2208A/LH2308A 


absolute maximum 

ratings 





Supply Voltage 

±20V 

Operating Temperature Range 



Power Dissipation (Note 1) 

500 mW 

LH2108A/LH2108 


-55° C to +125°C 

Differential Input Current (Note 2) 

±10 mA 

LH2208A/LH2208 


-25°C to +85°C 

Input Voltage (Note 3) 

±15V 

LH2308A/LH2308 


0°C to +70°C 

Output Short Circuit Duration 

Continuous 

Storage Temperature Range 


-65°C to +150°C 



Lead Temperature (Soldering, 10 sec) 

300°C 

electrical characteristics each side (Note 4) 




PARAMETER 

CONDITIONS 

LIMITS 


LH2108 

LH2208 

LH2308 




Input Offset Voltage 

T a - 25°C 

2.0 

2.0 

7.5 

mV Max 

Input Offset Current 

T a =25'C 

0.2 

0.2 

1.0 

nA Max 

Input Bias Current 

T a = 25°C 

2.0 

20 

7.0 

nA Max 

Input Resistance 

T a = 25°C 

30 

30 

10 

MS? Min 

Supply Current 

T a = 25° C 

0.6 

0.6 

0.8 

mA Max 

Large Signal Voltage Gain 

T a = 26 C V s = 4 15V 

V OU t= -10V, R l > 10 kX2 

50 

50 

25 

V/mV Min 

Input Offset Voltage 


3.0 

3.0 

10 

mV Max 

Average Temperature Coefficient 


15 

15 

30 

pV/°C Max 

of Input Offset Voltage 






Input Offset Current 


0.4 

0.4 

1.5 

nA Max 

Average Temperature Coefficient 


2.5 

2.5 

10 

pA/°C Max 

of Input Offset Current 






Input Bias Current 


3.0 

3.0 

10 

nA Max 

Supply Current 

T a = -H25°C 

0.4 

0.4 

- 

mA Max 

Large Signal Voltage Gain 

V s = 4 15V, V OUT - MOV 

R l > 10 kS? 

25 

25 

15 

V/mV Min 

Output Voltage Swing 

V s = ± 15V. R l = 10kS2 

M3 

M3 

113 

V Mm 

Input Voltage Range 

V s = ± 15V 

♦ 13.5 

i 13.5 

114 

V Mm 

Common Mode Rejection Ratio 


85 

85 

80 

dB Mm 

Supply Voltage Rejection Ratio 


80 

80 

80 

dB Min 

electrical characteristics each side (Note 4) 

PARAMETER 


LIMITS | 

UNITS 

CONDITIONS 

LH2108A 

LH2208A 

LH2308A 



Input Offset Voltage 

T a = 25 C 

0.5 

0.5 

0.5 

mV Max 

Input Offset Current 

T a = 25 C 

0.2 

02 

1.0 

nA Max 

Input Bias Current 

T a = 25 C 

20 

20 

7.0 

nA Max 

Input Resistance 

T a = 25°C 

30 

30 

10 

MS? Mm 

Supply Current 

T a = 25'C 

06 

06 

08 

mA Max 

Large Signal Voltage Gam 

T a = 25 C V s = M5V 

V OU T = MOV. R l > 10 kii 

80 

80 

80 

V/mV Mm 

Input Offset Voltage 


1.0 

1.0 

0.73 

mV Max 

Average Temperature Coefficient 


5 

5 

5 

juV/°C Max 

of Input Offset Voltage 






Input Offset Current 


0.4 

04 

1.5 

nA Max 

Average Temperature Coefficient 


2.5 

25 

10 

pA/°C Max 

of Input Offset Current 






Input Bias Current 


3.0 

3.0 

10 

nA Max 

Supply Current 

T A = M25°c 

04 

0.4 

- 

mA Max 

Large Signal Voltage Gam 

V s = M5V, V OU T = M0 V 

R l > 10 kS2 

40 

40 

60 

V/mV Min 

Output Voltage Swing 

V s = M5V, R l = 10 kU 

M3 

M3 

±13 

V Mm 

Input Voltage Range 

V s = M5V 

4 13.5 

4 13.5 

±14 

V Mm 

Common Mode Rejection Ratio 


96 

96 

96 

dB Min 

Supply Voltage Rejection Ratio 


96 

96 

96 

dB Mm 

Note 1 : The maximum junction temperature of the LH2108A/LH2108 is 150°C, while that of the LH2208A/LH2208 is 100°C and that of the 
LH2308A/LH2308 is 85°C. For operating devices in the flat package at elevated temperatures, the derating is based on a thermal resistance of 

185° C/W when mounted on a 1 /16-inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the 

| dual-in-line package is 100° C/W, junction to ambient. 





Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input 1 

I voltage in excess of 1 V is applied between the inputs unless some limiting resistance is used. 




I Note 3: For supply voltages less than ±15 V, the absolute maximum input voltage is equal to the supply voltage. 


I Note 4: These specifications apply for 

±5V < Vs < ±20V and -55°C < Ta < 125°C, unless otherwise specified. With the LH2208A/LH2208, 1 

I however, all temperature specifications are limited to -25° C < Ta < 

85° C and with 

the LH2308A/LH2308 for ± 

5V < Vs < 15V and 

J 0°C<Ta<70°C. 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM1 10/LM210/LM310 Voltage Follower 


General Description 


The LM110 series are monolithic operational 
amplifiers internally connected as unity-gain 
non-inverting amplifiers. They use super-gain 
transistors in the input stage to get low bias 
current without sacrificing speed. Directly inter- 
changeable with 101, 741 and 709 in voltage 
follower applications, these devices have internal 
frequency compensation and provision for offset 
balancing. Outstanding characteristics include: 

■ Input current: 10 nA max. over temperature 

■ Small signal bandwidth: 20 MHz 

■ Slew rate: 30V/pts 

■ Supply voltage range: ±5V to ±18V 


The LM110 series are useful in fast sample and 
hold circuits, active filters, or as general-purpose 
buffers. Further, the frequency response is enough 
better than standard 1C amplifiers that the 
followers can be included in the feedback loop 
without introducing instability. They are plug-in 
replacements for the LM102 series voltage fol- 
lowers, offering lower offset voltage, drift, bias 
current and noise in addition to higher speed and 
wider operating voltage range. 

The LM110 is specified over a temperature range 
-55°C < T A < +125°C, the LM210 from 
-25°C < Ta < +85°C and the LM310 from 
0°C<T A <+70°C. 
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LM110/LM210/LM310 


Absolute Maximum Ratings 


Supply Voltage 

Power Dissipation (Note 1) 

Input Voltage (Note 2) 

Output Short Circuit Duration (Note 3) 
Operating Temperature Range LM110 
LM210 
LM310 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±18V 
500 mW 
±15V 
Indefinite 
-55°C to 125°C 
-25°C to 85°C 
0°C to +70° C 
-65°C to 150°C 
300° C 


Electrical Characteristics (Note 4) 


PARAMETER 


CONDITIONS 


Input Offset Voltage Ta = 25 C 
Input Bias Current Ta = 25°C 

Input Resistance Ta = 25°C 

Input Capacitance 

Large Signal Voltage Ta = 25°C, V$ = ±15V 
Gain VquT = ±10V, Rl = 8 k!2 


Gain VquT = ±10V, Rl = 8 k!2 

Output Resistance Ta = 25°C 

Supply Current Ta = 25°C 

Input Offset Voltage 

Offset Voltage ~55°C < Ta < +85° C 

Temperature Drift Ta = 125°C 

0°C <Ta<+70°C 

input Bias Current 

Large Signal Voltage V$ = ±15V, VoUT = ±10V 0.999 
Gain R L = 10 k!2 

Output Voltage Vs = ±15V, RL = 10 k!2 ±10 

Swing (Note 5) 

Supply Current Ta=125°C 

Supply Voltage ±5V<V$<±18V 70 

Rejection Ratio 


R|_= 10kl2 

Vs = ±15V, Rl= 10kJ2 ±10 


LM110 | 

LM210 | 

LM310 


TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

1.5 

4.0 


1.5 

4.0 


2.5 

7.5 

mV 

1.0 

3.0 


1.0 

3.0 


2.0 

7.0 

nA 

10 12 


o 

o 

10 12 


10 10 

10 12 


12 

1.5 



1.5 



1.5 


PF 

0.9999 


0.999 

0.9999 


0.999 

0.9999 


V/V 

0.75 

2.5 


0.75 

2.5 


0.75 

2.5 

12 

3.9 

5.5 


3.9 

5.5 


3.9 

5.5 

mA 


6.0 



6.0 



10 

mV 

6 



6 





juV/°C 

12 



12 





juV/°C 







10 


MV/°c 


10 



10 



10 

nA 



0.999 



0.999 



V/V 



±10 



±10 



V 

2.0 

4.0 


2.0 

4.0 




mA 

80 


70 

80 


70 

80 


dB 


Note 1: The maximum junction temperature of the LM110 is 150°C, of the LM210 is 100°C, and of the LM310 is 85°C. For operating at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 1 50° C/W, junction to ambient, or 45° C/W, 
junction to case. The thermal resistance of the dual-in-line package is 100° C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit for the LM1 10 and LM210 is allowed for case temperatures to 125°C and ambient temperatures to 70° C, and for 
the LM310, 70°C case temperature or 55°C ambient temperature. It is necessary to insert a resistor greater than 2kJ2 in series with the input when 
the amplifier is driven from low impedance sources to prevent damage when the output is shorted. 

Note 4: These specifications apply for ±5V < Vs < ±18V and -55°C < Ta < 125°C for the LM110, -25°C < Ta <85°Cforthe LM210, and 
0°C < Ta < 70°C for the LM310 unless otherwise specified. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V — terminals. See curve. 
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Comparator for Signals of Opposite Polarity 




Driver for A/D Ladder Network 


Zero Crossing Detector 



Comparator for AC Coupled Signals 


Comparator for A/D Converter 
Using a Binary-Weighted Network 



Buffer for Analog Switch* 




High Input Impedance AC Amplifier 



Bilateral Current Source 




* 


J20K LMI'O ( 

HVW-t-W 

I-" r 

£'S S 1W 

LM101A 

HH 



Comparator for A/D Converter 
Using a Ladder Network 


Sine Wave Oscillator 


LM110/LM210/LM310 










OUTPUT SWING (±V) OUTPUT RESISTANCE <«) 


Typical Performance Characteristics <lmiio/lm 2 io) 
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Typical Performance Characteristics ilm3io) 


Input Current 
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Voltage Gain and Phase Lag 
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Voltage Gain 
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Symmetrical Output Swing 
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TEMPERATURE (°C) 


Positive Output Swing 



Large Signal Frequency Response 



FREQUENCY (Hz) 


Power Supply Rejection 
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Connection Diagrams 


Metal Can Package 
BALANCE 


NOTE: Pin 4 connected to case. 

TOP VIEW 

Order Number LM110H, LM210H 
or LM310H 
See NS Package H08C 


Dual-In-Line Package 


Dual-ln-Line Package 


BALANCE 3- 
NO CONNECTION 4- 
INPUT 5- 



——12 

BALANCE 

NC 2 

1 

Lis. I 


V + 


L f>_ 


1 11 


INPUT 3 — 

— bS 1 


-10 OUTPUT 
-9 BOOSTER 


NOTE: Pin 6 connected to bottom of package. 
TOP VIEW 


Order Number LM110J, LM210J 
or LM310J 
See NS Package J14A 


Order Number LM310N 
See NS Package N08B 


Order Number LM310J-8 
See NS Package J08A 
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LM112/LM212/LM312 




National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM112/LM212/LM312 Operational Amplifiers 

General Description 

The LM112 series are micropower operational ■ Offset current less than 

amplifiers with very low offset-voltage and input- ature 

current errors— at least a factor of ten better ■ j_ ow noise 

than FET amplifiers over a ~55°C to +125°C ^ ... 

0 . .. A ■ Guaranteed drift specificat 

temperature range. Similar to the LM 1 08 series, 

that also use supergain transistors, they differ in The LM112 series are the 

that they include internal frequency compensation improve reliability by inclu 

and have provisions for offset adjustment with a tection for the MOS con 

single potentiometer. Without this feature, IC's 


These amplifiers will operate on supply voltages of 
±2V to ±20V, drawing a quiescent current of only 
300 juA. Performance is not appreciably affected 
over this range of voltages, so operation from 
unregulated power sources is easily accomplished. 
They can also be run from a single supply like the 
5V used for digital circuits. Some noteworthy 
features are: 

■ Maximum input bias current of 3 nA over 
temperature 

Schematic Diagram ** 


■ Offset current less than 400 pA over temper- 
ature 

■ Low noise 

■ Guaranteed drift specifications 

The LM112 series are the first 1C amplifiers to 
improve reliability by including overvoltage pro- 
tection for the MOS compensation capacitor. 
Without this feature, IC's have been known to 
suffer catastrophic failure caused by short- 
duration overvoltage spikes on the supplies. Unlike 
other internally-compensated 1C amplifiers, it is 
possible to overcompensate with an external 
capacitor to increase stability margin. 

The LM212 is identical to the LM1 12, except that 
the LM212 has its performance guaranteed over a 
-25°C to 85°C temperature range instead of 
-55° C to 125°C. The LM312 is guaranteed over a 
0°C to 70°C temperature range. 


Auxiliary Circuits * * 



Offset Balancing 


**Pin connections shown are for metal can. 

Connection Diagram 



Overcompensation for Greater Stability 
Margin 



Metal Can Package 



Note: Pin 4 connected to case. 


Order Number LM112H, LM212H, 
or LM312H 
See NS Package H08C 
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Absolute Maximum Ratings 



LM1 12/LM212 

LM312 

Supply Voltage 

±20V 

±18V 

Power Dissipation (Note 1) 

500 mW 

500 mW 

Differential Input Current (Note 2) 

±10 mA 

±10 mA 

Input Voltage (Note 3) 

±15V 

±15V 

Output Short-Circuit Duration 

Indefinite 

Indefinite 

Operating Temperature Range 


0°C to +70°C 

LM112 

-55°C to +125°C 


LM212 

-25°C to +85° C 


Storage Temperature Range 

-65° C to +150°C 

-65°Cto+150°C 

Lead Temperature (Soldering, 10 seconds) 

300°C 

300° C 


Electrical Characteristics (Note 4) 


PARAMETER 

CONDITIONS 

LM1 12/LM212 

LM312 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

T A = 25°C 


0.7 

2.0 


2.0 

7.5 

mV 

Input Offset Current 

T A = 25°C 


0.05 

0.2 


0.2 

1 

' nA 

Input Bias Current 

T A = 25°C 


0.8 

2.0 


1,5 

7 

nA 

Input Resistance 

T A = 25°C 

30 

70 


10 

40 


MJ2 

Supply Current 

T A = 25°C 


0.3 

0.6 


0.3 

0.8 

mA 

Large Signal Voltage Gain 

Ta = 25°C, V S = ±15V 

VquT = ± 10V, R L > 10 k£2 

50 

300 


25 

300 


V/mV 

Input Offset Voltage 




3.0 



10 

mV 

Average Temperature 

Coefficient of Input 

Offset Voltage 



3.0 

15 


6.0 

30 

juV/°C 

Input Offset Current 




0.4 



1.5 

nA 

Average Temperature 
Coefficient of Input 

Offset Current 



0.5 

2.5 


2.0 

10 

pA/°C 

Input Bias Current 




3.0 



10 

nA 

Supply Current 

Ta= 125°C 


0.15 

0.4 




mA 

Large Signal Voltage Gain 

V§ = ±15V, VoUT = -10V 
R L > 10 k^2 

25 



15 



V/mV 

Output Voltage Swing 

Vs = ±15V, R L =10k£2 

±13 

±14 


±13 

±14 


V 

Input Voltage Range 

V S = ±15V 

±13.5 



±14 



V 

Common-Mode Rejection 

Ratio 


85 

100 


80 

100 


dB 

Supply Voltage 

Rejection Ratio 


80 

96 


80 

96 


dB 


Note 1: The maximum junction temperature of the LM1 12 is 150°C,.LM212 is 100°Cand LM312is85°C. For operating at elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal resistance of 150° C/W, junction to ambient, or 45°C/W, junction to case. The 
thermal resistance of the dual-in-line package is 100° C/W, junction to ambient. 

Note 2: The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage 
in excess of IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V < V s < ±20V and -55°C < T A < +125°C (LM1 12), -25° C < T A < +85°C (LM212), ±5V < Vs < 
±15V and 0°C < ,Ta ^ +70° C (LM312) unless otherwise noted. 
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VOLTAGE GAIN (dB) VOLTAGE GAIN (dB) INPUT NOISE <nV//flz) INPUT CURRENT (nA) 


Typical Performance Characteristics LM312 


Input Currents 



0 10 20 30 40 50 60 70 80 

TEMPERATURE f'C) 


Offset Error Drift Error 





10 100 IK 10K 100K 

FREQUENCY (Hz) 


Power Supply Rejection 



100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


Closed Loop Output Impedance 



10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 



Voltage Gain 


Output Swing 


Supply Current 
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Open Loop Frequency 
Response 


Large Signal Frequency . 
Response 


Voltage Follower Pulse 
Response 
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TIME (ms) 
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LM1 18/LM218/LM318 


National Operational Amplifiers/ Buffers 

mjA Semiconductor 

LM118/LM218/LM318 Operational Amplifiers 

General Description 


The LM118 series are precision high speed opera- 
tional amplifiers designed for applications requiring 
wide bandwidth and high slew rate. They feature 
a factor of ten increase in speed over general pur- 
pose devices without sacrificing DC performance. 

Features 

■ 15 MHz small signal bandwidth 

■ Guaranteed 50V //is slew rate 

■ Maximum bias current of 250 nA 

■ Operates from supplies of ±5V to ±20V 

■ Internal frequency compensation 

■ Input and output overload protected 

■ Pin compatible with general purpose op amps 

The LM1 18 series has internal unity gain frequency 
compensation. This considerably simplifies its appli- 
cation since no external components are necessary 
for operation. However, unlike most internally 


compensated amplifiers, external frequency com 
pensation may be added for optimum performance 
For inverting applications, feedforward compen 
sation will boost the slew rate to over 150V //us 
and almost double the bandwidth. Overcompensa- 
tion can be used with the amplifier for greater 
stability when maximum bandwidth is not needed. 
Further, a single capacitor can be added to reduce 
the 0. 1% settling time to under 1 ^ts. 

The high speed and fast settling time of these op 
amps make them useful in A/D converters) oscil- 
lators, active filters, sample and hold circuits, or 
general purpose amplifiers. These devices are easy 
to apply and offer an order of magnitude better 
AC performance than industry standards such as 
the LM709. 

The LM218 is identical to the LM1 18 except that 
the LM218 has its performance specified over a 
-25°C to+85°C temperature range. The LM318 is 
specified from 0°C to +70°C. 


Schematic and Connection Diagrams 



Dual-ln-Line Package 



Order Number LM118J, LM218J 
or LM318J 
See NS Package J14A 


Metal Can Package* 



Dual-ln-Line Package 



*Pin connections shown on schematic diagram 
and typical applications are for TO-5 package. 

Order Number LM118H, LM218H 
or LM318H 
See NS Package H08C 


Order Number LM118J-8, 
LM218J-8 or LM318J-8 
See NS Package J08A 
Order Number LM318N 
See NS Package N08B 
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±20V 
500 mW 
±10 mA 
±15V 
Indefinite 

-55°C to +1 25° C 
-25° C to +85° C 
0°C to +70°C 
~65°C to +150°C 
300°C 


Electrical Characteristics (Note 4) 


PARAMETER 

CONDITIONS 

LM118/LM218 

LM318 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

Ta = 25°C 


2 

4 


4 

10 

mV 

Input Offset Current 

Ta = 25°C 


6 

50 


30 

200 j 

nA 

Input Bias Current 

T A = 25°C 


120 

250 


150 

500 

nA 

Input Resistance 

Ta = 25°C 

1 

3 


0.5 

3 


M£2 

Supply Current 

Ta = 25°c 


5 

8 


5 

10 

mA 

Large Signal Voltage Gain 

Ta = 25°C, V S = ±15V 

VquT = — 1 0V, R[_ > 2 kO 

50 

200 


25 

200 


V/mV 

Slew Rate 

Ta = 25°C, V S = ±15V, A v = 1 

50 

70 


50 

70 


V//us 

Small Signal Bandwidth 

Ta = 25°C, V S = ±15V 


15 



15 


MHz 

Input Offset Voltage 




6 



15 

mV 

Input Offset Current 




100 



300 

nA 

Input Bias Current 




500 



750 

nA 

Supply Current 

Ta= 125°C 


4.5 

7 





Large Signal Voltage Gain 

Vs = ±15V, VquT ~ ±10V ' 

R|_ > 2 k£2 

25 



20 



V/mV 

Output Voltage Swing 

Vs = ±15V, R L = 2 k£2 

±12 

±13 


±12 

±13 


V 

Input Voltage Range 

Vs = ±15V 

±11.5 



±11.5 



V 

Common-Mode Rejection Ratio 


80 

100 


70 

100 


dB 

Supply Voltage Rejection Ratio 


70 

80 


65 

80 


dB 


Note 1: The maximum junction temperature of the LM118 is 150°C, the LM218 is 110°C, and the LM318 is 110°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 1 50° C/W, junction to ambient, or 45° C/W, junction 
to case. The thermal resistance of the dual-in-line package is 100° C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V < V s < ±20V and — 55°C < T A < +125°C,(LM1 18),-25°C < T A < +85° C (LM218), and 0°C < T A 
< +70°C (LM318). Also, power supplies must be bypassed with O.ImF disc capacitors. 


Absolute Maximum Ratings 

Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Current (Note 2) 

Input Voltage (Note 3) 

Output Short-Circuit Duration 
Operating Temperature Range 
LM118 
LM218 
LM318 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 
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LM118/LM218/LM318 


Typical Performance Characteristics lmus, lm 2 is 
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OUTPUT SWING (*V) OUTPUT SWING (±V) 



FREQUENCY (Hz) 


SUPPLY VOLTAGE (±V) 


LM118/LM218/LM318 








Auxiliary Circuits 


*Slew rate typically 1 50V/ps. 


*Slew and settling 
time to 0.1% for a 
10V step change 


Feedforward Compensation for Greater 
Inverting Slew Rate* 


Compensation for Minimum 
Settling* Time 





Offset Balancing 


Isolating Large Capacitive Loads 


Overcompensation 


Typical Applications 



Fast Voltage Follower * 



Fast Summing Amplifier 


Differential Amplifier 



+ "X" zero 
+ Full scale adjust. 


Four Quadrant Multiplier 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM124/LM224/LM324, LM124A/LM224A/LM324A, LM2902 
Low Power Quad Operational Amplifiers 


General Description 


The LM124 series consists of four independent, high 
gain, internally frequency compensated operational am- 
plifiers which were designed specifically to operate from 
a single power supply over a wide range of voltages. 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of the 
magnitude of the power supply voltage. 

Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which 
now can be more easily implemented in single power 
supply systems. For example, the LM124 series can be 
directly operated off of the standard +5 V DC power 
supply voltage which is used in digital systems and will 
easily provide the required interface electronics without 
requiring the additional ±15 V DC power supplies. 


Unique Characteristics 

■ In the linear mode the input common-mode voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage. 

■ The unity gain cross frequency is temperature 
compensated. 

■ The input bias current is also temperature 
compensated. 


Advantages 


■ Eliminates need for dual supplies 

■ Four internally compensated op amps in a single 
package 

■ Allows directly sensing near GND and Vqut also 
goes to GND 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

Features 

■ Internally frequency compensated for unity gain 

■ Large dc voltage gain , 100 dB 

■ Wide bandwidth (unity gain) 1 MHz 

(temperature compensated) 

■ Wide power supply range: 

Single supply 3V Dc to30V DC 

or dual supplies ±1.5 V DC to ±15 V DC 

■ Very low supply current drain (800juA) — essentially 
independent of supply voltage (1 mW/op amp at 
+5 V DC ) 

■ Low input biasing current 45 nA DC 

(temperature compensated) 

■ Low input offset voltage 2 mV DC 

and offset current 5 nA DC 

■ Input common-mode voltage range includes ground 

■ Differential input voltage range equal to the power 
supply voltage 

■ Large output voltage 0 V DC to V + - 1.5 V DC 


Connection Diagram 


Schematic Diagram (Each Amplifier) 


Dual-ln-Line and Flat Package 

OUTPUT 4 INPUT 4' INPUT 4 + GNO -INPUT 3 + INPUT 3“ OUTPUT 3 



OUTPUT 1 INPUT 1- INPUT 


INPUT 2" INPUT 2" OUTPUT 2 


Order Number LM124J, LM124AJ, 
, LM224J, LM224AJ, LM324J, 

LM324AJ or LM2902J 
See NS Package J14A 
Order Number LM324N, LM324AN 
or LM2902N 
See NS Package N14A 
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24/LM224/LM324, 
24A/LM224A/LM324A, LM2902 



3-114 


LM124/LM224/LM324, 
LM124A/LM224A/LM324A, LM2902 


Absolute Maximum Ratings 






LM124/LM224/LM324 

LM2902 


LM124/LM224/LM324 

LM2902 


LM124A/LM224A/LM324A 


LM124A/LM224A/LM324A 

Supply Voltage, V + 

32 V DC or ±16 V DC 

26 V DC or ±13 Vqc 

Input Current ( V| jvj <-0.3 Vqc ) (Note 3) 

50 mA 

50 mA 

Differential Input Voltage 

32 V DC 

26V DC 

Operating Temperature Range 


-40° C to +85°C 

Input Voltage 

-0.3 V DC to + 26 V DC 

“0 3 Vqc to +26 Vqc 

LM324/LM324A 

0°C to +70°C 


Power Dissipation (Note 1) 



LM224/LM224A 

-25°C to +85° C 


Molded DIP 

570 mW 

570 mW 

LM124/LM124A 

-55°C to +125°C 


Cavity DIP 

900 mW 


Storage Temperature Range 

-65°Cto+150°C 

-65°C to +150°C 

Flat Pack 

800 mW 


Lead Temperature (Soldering, 10 seconds) 

300° C 

300° C 

Output Short-Circuit to GND (One Amplifier) (Note 2) 

Continuous 

Continuous 




V + < 15 Vpc and Ta ~ 25°C 






Electrical Characteristics <v + 

= +5.0 Vqc, Note 4) 






PARAMETER 

CONDITIONS 

MIN 

LM124A 

TYP MAX 

MIN 

LM224A 

TYP MAX 

MIN 

LM324A 

TYP MAX 

LM124/LM224 

MIN TYP MAX 

MIN 

LM324 

TYP 

MAX 

MIN 

LM2902 

TYP MAX 

UNITS 

Input Offset Voltage 

T A = 25°C, (Note 5) 

1 2 

| 1 ' 3 


2 

3 


±2 

±5 


±2 

±7 

±2 ±7 

mV QC 

Input Bias Current 

(Note 6) 

l|N(+) or I|N(-),Ta = 25°C 

20 50 


40 

80 


45 

100 


45 

150 


45 

250 

45 250 

nAoc 

Input Offset Current 

| IN(+)-I|N(-),Ta = 25°C 

2 10 


2 

15 


5 

30 


±3 

±30 


±5 

±50 

±5 ±50 

nAQC 

Input Common-Mode 
Voltage Range (Note 7) 

V + = 30 Vqc. T A = 25°C 

0 

V + -1 .5 

0 


V + -1 .5 

0 


V 4 — 1.5 

0 


V + -1.5 

0 


V + -1 .5 

0 

V + -1 .5 

' Vqc 

Supply Current . 

R L - ~ V C C ■ 30V, (LM2902 V C C = 26V) 

■ 


■ 




1.5 

3 


1.5 

3 


1.5 

3 


1.5 3 

mAQC 


R|_ — °° On All Op Amps 

Over Full Temperature Range 

■ 


■ 




0.7 

1.2 


0.7 

1.2 


0.7 

1.2 


0.7 1.2 

mAQC 

Large Signal Voltage 

V + = 15 Vqc (For Large Vo Swing) 


100 

50 

100 


25 

100 


50 

100 


25 

100 



100 


Gain 

RL > 2 kfl, Ta - 25°C 


















Output Voltage Swing 

R L = 2 kft, T A = 25°C (LM2902 R|_ > 10 kft) 

0 

V + -1 .5 

0 


V + — 1 .5 

0 


V + -1.5 

0 


V + — 1 .5 

0 


V + -1 .5 

0 

V + -1 .5 


Common-Mode 

DC, Ta = 25°C 

70 

85 

70 

85 _ 


65 

85 


70 

85 


65 

70 


50 

70 

WMM 

Rejection Ratio 



















Power Supply 

Rejection Ratio 

DC, Ta = 25°C 

65 

100 

65 • 



65 

100 


65 

100 


65 

100 


50 

100 

dB 

Amplifier-to-Amplifier 

f = 1 kHz to 20 kHz, Ta = 25°C 


-120 


-120 



-120 



-120 



-120 



-120 

dB 

Coupling (Note 8) 

(Input Referred) 


















Output Current 



















Source 

V|N + = 1 Vqc, V|n" = 0 Vqc, 

V + = 15 Vq C . T A = 25°C 

20 

40 

20 



20 

40 


20 

40 


20 

40 


20 

40 

mAQC 

Sink 

V|n“ = 1 Vqc, V|N + = 0 V DC , 

10 

20 

10 

20 


10 

20 


10 

20 


10 

20 


10 

20 

mAQC 


V + = 15 Vqc/Ta = 25°C 

V|N“ = 1 Vqc. V|N + = o V DC , 

Ta = 25°C, V 0 = 200 mVoc 

12 

50 

12 

50 


12 

50 


12 

50 


12 

50 




aAqc 

Short Circuit to Ground 

Ta = 25°C, (Note 2) 

j 40 60 


■a 



40 

60 


40 

60 


40 

60 

| 40 60 

mAQC 
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Electrical Characteristics (Continued) 


PARAMETER 

CONDITIONS 

LM124A 

MIN TYP MAX 

LM224A 

MIN TYP MAX 

LM324A 

MIN TYP MAX 

LM124/LM224 

MIN TYP MAX 

LM324 

MIN TYP MAX 

LM2902 

MIN TYP MAX 

UNITS 

Input Offset Voltage 

(Note 5) 

4 

4 

5 

. ±7 

±9 

±10 

mVQC 

Input Offset Voltage 
Drift 

RS = Oft 

7 20 

7 20 

7 30 

7 

7 

7 

pV/°C 

Input Offset Current 

l|N(+)~*INH 

30 

30 

75 

±100 

±150 

45 ±200 

nAQc 

Input Offset Current 

Drift 


10 200 

10 200 

10 300 

10 

10 

10 

pAQC/°C 

Input Bias Current 

l|N(+) or l|M(-) 

40 100 

40 100 

40 200 

40 300 

40 500 

40 500 

nAoc 

Input Common-Mode 
Voltage Range (Note 7) 

V + = 30 V DC 

0 V + -2 1 

0 V + -2 ! 

0 V + -2 

0 V + -2 

0 V + -2 

0 V + -2 

VDC 

Large Signal Voltage 

Gain 

V + = +15 Vqc (For Large Vq Swing) 

RL>2kft 

25 

25 

15 

25 

15 

15 

V/mV 

Output Voltage Swing 

VOH 

VOL 

V + = +30 Vqc, R l = 2 kft 

RL>10kft 

V + = 5 Vqc, RL<10kft 

26 

27 28 

5 20 

26 

27 28 

5 20 

26 

27 28 

5 20 

26 

27 28 

5 20 

• 26 

27 28 

5 20 

22 

23 24 

5 100 

VQC 

v dc 

mVoc 

■ Output Current 

Source 

Sink 

V|N + = +1 V DC , V| N “ = 0 V DC , V + = 15 V DC 
V, N " = +1 V DC . V|N + = 0 V DC , V + = 15 V DC 

10 20 

10 15 

10 20 

5 8 

10 20 

5 8 

10 20 

5 8 

10 20 

5 8 

10 20 

5 8 

mAQC 

mAQC 

Differential Input 

Voltage 

(Note 7) 

V + 

V + 

V + 

V + 

V + 

V + 

vdc 


Note 1: For operating at high temperatures, the LM324/LM324A.LM2902 must be derated based on a +125°C maximum junction temperature and a thermal resistance of 175° C/W which applies for the device 
soldered in a printed circuit board, operating in a still air ambient. The LM224/LM224A and LM124/LM124A can be derated based on a +150°C maximum junction temperature. The dissipation is the total of all 
four amplifiers-use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 40 mA independent of the magnitude of V + . At values of supply 

voltage in excess of +15 Vqc, continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the op amps to go to the V + 
voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, 
again returns to a value greater than -0.3 Vqc- 

Note 4: These specifications apply for V + = +5 Vqc and -55° C <Ta < +125°C, unless otherwise stated. With the LM224/LM224A, all temperature specifications are limited to -25°C < T/\ < +85° C, the LM324 / 
LM324A temperature specifications are limited to 0°C < T/\ < +70 C, and the LM2902 specifications are limited to — 40°C < T/\ < +85°C. 

Note 5: Vq = 1 .4 Vqc, Rg = Oft with V + from 5 Vqc to 30 Vqc; and over the full input common-mode range (0 Vqc to v+ ~ 1 - 5 Vqc). 

Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines. 

Note 7: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V + -1 .5V, but either or both 
inputs can go to +32 Vqc without damage (+26 Vqc f°r LM2902). 

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitive increases at 
higher frequencies. 
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L.M124/LM224/LM324, 
LM124A/LM224A/LM324A, LM2902 







OUTPUT SINK CURRENT (mAn C ) 


6 


55 -35-15 5 25 45 65 85 105 125 

Ta - TEMPERATURE (°G) 






Typical Performance Characteristics (LM2902 only) 



a 10 20 30 

V + -SUPPLY VOLTAGE h/ D c) 


Application Hints 

The LM124 series are op amps which operate with only 
a single power supply voltage, have true-differential 
inputs, and remain in the linear mode with an input 
common-mode voltage of 0 V DC . These amplifiers 
operate over a wide range of power supply voltage with 
little change in performance characteristics. At 25°C 
amplifier operation is possible down to a minimum 
supply voltage of 2.3 V DC . 

The pinouts of the package have been designed to 
simplify PC board layouts. Inverting inputs are adjacent 
to outputs for all of the amplifiers and the outputs have 
also been placed at the corners of the package (pins 1, 
7, 8, and 14). 

Precautions should be taken to insure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a test socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Large differential input voltages can be easily accom- 
modated and, as input differential voltage protection 
diodes are not needed, no large input currents result 
from large differential input voltages. The differential 
input voltage may be larger than V + without damaging 
the device. Protection should be provided to prevent the 
input voltages from going negative more than -0.3 V DC 
(at 25°C). An input clamp diode with a resistor to the 
• 1C input terminal can be used. 

To reduce the power supply current drain, the amplifiers 
have a class A output stage for small signal levels which 
converts to class B in a large signal mode. This allows the 
amplifiers to both source and sink large output currents. 
Therefore both NPN and PNP external current boost 
transistors can be used to extend the power capability of 
the basic amplifiers. The output voltage needs to raise 
approximately 1 diode drop above ground to bias the 
on-chip vertical PNP transistor for output current sinking 
applications. 

For ac applications, where the load is capacitively 
coupled to the output of the amplifier, a resistor should 


160 


| ,20 

< 

a 

« 80 


< 


0 10 20 30 

V + - SUPPLY VOLTAGE (V DC ) 


be used, from the output of the amplifier to ground to 
increase the class A bias current and prevent crossover 
distortion. Where the load is directly coupled, as in dc 
applications, there is no crossover distortion. 

Capacitive loads which are applied directly to the output 
of the amplifier reduce the loop stability margin. Values 
of 50 pF can be accommodated using the worst-case non- 
inverting unity gain connection. Large closed loop gains 
or resistive isolation should be used if larger load 
capacitance must be driven by the amplifier. 

The bias network of the LM124 establishes a drain 
current which is independent of the magnitude of the 
power supply voltage over the range of from 3 V DC to 
30 V DC . 

Output short circuits either to ground or to the positive 
power supply should be of short time duration. Units 
can be destroyed, not as a result of the short circuit 
current causing metal fusing, but rather due to the large 
increase in 1C chip dissipation which will cause eventual 
failure due to excessive junction temperatures. Putting 
direct short-circuits on more than one amplifier at a time 
will increase the total 1C power dissipation to destructive 
levels, if not properly protected with external dissipation 
limiting resistors in series with the output leads of the 
amplifiers. The larger value of output source current 
which is available at 25°C provides a larger output cur- 
rent capability at elevated temperatures (see typical 
performance characteristics) than a standard 1C op amp. 

The circuits presented in the section on typical applica- 
tions emphasize operation on only a single power supply 
voltage. If complementary power supplies are available, 
all of the standard op amp circuits can be used. In 
general, introducing a pseudo-ground (a bias voltage 
reference of V + /2) will allow operation above and below 
this value in single power supply systems. Many applica- 
tion circuits are shown which take advantage of the wide 
input common-mode voltage range which includes 
ground. In most cases, input biasing is not required and 
input voltages which range to ground can easily be 
accommodated. 


Voltage Gain 



EM 
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LM124/LM224/LM324, 
LM124A/LM224A/LM324A, LM2902 




Typical Single-Supply Applications (v + = 5.ov DC > 


Non-Inverting DC Gain (OV Input = OV Output) 


*R not needed due to temperature 
independent l| N 



DC Summing Amplifier 
(V| N *s > 0 V DC AND Vq > 0 V DC ) 



Power Amplifier 


Where: V 0 = V, + V z V 3 V 4 

(V, + V 2 ) > (V 3 + V 4 ) to keep V 0 > 0 V DC 


"BI-QUAD" n C Active Bandpass Filter 


Vq = 0 V DC for Vim - 0 Voc 
A v = 10 




Fixed Current Sources 


Current Monitor 



I I 

I I 



30mA 0>2O] 600mA 



(Increase R1 for l L small) 
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Typical Single-Supply Applications (Continued) (v + = 5 o v c 


Pulse Generator 


IN) tO 



Voltage Follower 


1/4 LM124 > V 0 


1 V o ■ V IN 



mm 

to ^ 

£ r ~ 


03 


Squarewave Oscillator 


Pulse Generator 


High Compliance Current Sink 




,50k > ''T' 1/4 LM124 











Typical Single-Supply Applications (Continued) <v + = 5.0 v oc ) 


High Input Z Adjustable-Gain Using Symmetrical Amplifiers to 

DC Instrumentation Amplifier Reduce Input Current (General Concept) 



As shown V o = 101(V 2 V,) 


Bridge Current Amplifier 

+ VreF 



Bandpass Active Filter 





LM143/LM343 


/ 
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££] National 
mSm Semiconductor 


Operational Amplifiers/ Buffers 


LM143/LM343 High Voltage Operational Amplifier 


General Description 


The LM143 is a general purpose high voltage operational 
amplifier featuring operation to ±40V, complete input 
overvoltage protection up to ±40V and input currents 
comparable to those of other super-j3 op amps. Increased 
slew rate, together with higher common-mode and sup- 
ply rejection, insure improved performance at high sup- 
ply voltages. Operating characteristics, in particular 
supply current, slew rate and gain, are virtually inde- 
pendent of supply voltage and temperature. Furthermore, 
gain is unaffected by output loading at high supply vol- 
tages due to thermal symmetry on the die. The LM143 
is pin compatible with general purpose op amps and has 
offset null capability. 

Application areas include those of general purpose op 
amps, but can be extended to higher voltages and higher 
output power when externally boosted. For example, 
when used in audio. power applications, the LM14i3 pro- 
vides a power bandwidth that covers the entire audio 
spectrum. In addition, the LM143 can be reliably 
operated in environments with large overvoltage spikes 
on the power supplies, where other internally-compen- 
sated op amps would suffer catastrophic failure. 

The LM343 is similar to the LM143 for applications in 
less severe supply voltage and temperature environments. 


±4.0V to ±40V 
±37V 
±38V 
Full ±40V 


Features 

■ Wide supply voltage range 

■ Large output voltage swing 

■ Wide input common-mode range 

■ Input overvoltage protection 

* Supply current is virtually independent of supply 
voltage and temperature 

Unique Characteristics 

■ Low input bias current 8.0 nA 

■ Low input offset current 1.0 nA 

■ High slew rate— essentially independent 

of temperature and supply voltage • 2.5V /ns 

■ High voltage gain— virtually independent 
of resistive loading, temperature, and 

supply voltage 100k min 

■ Internally compensated for unity gain 

■ Output short circuit protection 

■ Pin compatible with general purpose op amps 


Connection Diagrams 


Metal Can Package 


Dual-ln-Line Package 



NOTE: Pin 4 connected to case. 
TOP VIEW 


Order Number LM143H 
or LM343H 
See NS Package H08C 



Order Number LM143D 
or LM343D 
See NS Package D14E 
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Absolute Maximum Ratings (Note 1 ) 

LM343 

±34V 
680 mW 
68V 
±34V 

0°C to +70°C 
-65°C to +150°C 
5 seconds 
300°C 


Electrical Characteristics (Note 3) 


LM143 


Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage (Note 2) 

Input Voltage (Note 2) 

Operating Temperature Range 

Storage Temperature Range 

Output Short Circuit Duration 

Lead Temperature (Soldering, 10 seconds) 


±40V 
680 mW 
80V 
±40V 

-55°Cto +1 25° C 
~65°C to +1 50°C 
5 seconds 
300°C 


PARAMETER 

CONDITIONS 

| LM143 

j LM343 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

T A = 25°C 


2.0 

5.0 


2.0 

8.0 

mV 

Input Offset Current 

T A = 25° C 


1.0 

3.0 


1.0 

10 

nA 

Input Bias Current 

T A = 25°C 


8.0 

20 


8.0 

40 

nA 

Supply Voltage 

Rejection Ratio 

T A = 25° C 


10 

100 


10 

200 

juV/V 

Output Voltage Swing 

T A = 25°C, R l >5kft 

22 

25 


20 

25 


V 

Large Signal Voltage 

T A = 25°C, V OUT = ±10V, 

100k 

180k 


70k 

180k 


v/v 

Gain 

R l > 100 k£2 








Common-Mode 

Rejection Ratio 

T A = 25° C 

80 

90 


70 

90 


dB 

Input Voltage Range 

T A = 25°C 

24 

26 


22 

26 


V 

Supply Current (Note 4) 

T A = 25°C 


2.0 

4.0 


2.0 

5.0 

mA 

Short Circuit Current 

T A = 25°C 


20 



20 


mA 

Slew Rate 

T A = 25°C, A v = 1 


2.5 



2.5 


V/jJ.s 

Power Bandwidth 

T A = 25°C, V OUT =40 Vp.p, 

R L = 5 kft. THD < 1% 


20 k 



20k 


Hz 

Unity Gain Frequency 

T a = 25° C 


1.0M 



1.0M 


Hz 

Input Offset Voltage 

T a = Max 



6.0 



10 

mV 


T a = Min 



6.0 



10 

mV 

Input Offset Current 

T a = Max 


0.8 

4.5 


0.8 

14 

nA 


T a = IVlin 


1.8 

7.0 


1.8 

14 

nA 

Input Bias Current 

T a = Max 


5.0 

35 


5.0 

55 

nA 


T a = Min 


16 

35 


16 

55 

nA 

Large Signal Voltage 

R L >100kf2, T a = Max 

50k 

150k 


50k 

150k 


V/V 

Gain 

R l > 100 kft,T A = Min 

50k 

220k 


50k 

220k 


V/V 

Output Voltage Swing 

R l >5.0 k£2, T a = Max 

22 

26 


20 

26 


V 


R L > 5.0 k£2, T A = Min 

22 

25 


20 

25 


V 


Note 1: Absolute maximum ratings are not necessarily concurrent, and care must be taken not to exceed the maximum junction temperature of 
the LM143 (150°C) or the LM343 (100° C). For operating at elevated temperatures, devices in the TO-5 package must be derated based on a 
thermal resistance of 150° C/W, junction to ambient, or 45°C/W, junction to case. The thermal resistance of the dual-in-line package is 100°C/W, 
junction to ambient. 

Note 2: For supply voltage less than ±40V for the LM143 and less than ±34V for the LM343, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 3: These specifications apply for Vs = ±28V. For LM143, = max = 125°C and T/\ = min = — 55° C. For LM343, T/^ = max = 70°C and 

Ta - min = 0°C. 
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LM143/LM343 









LM143/LM343 




LM143/LM343 


Application Hints (SeeAN-127} 

The LM143 is designed for trouble free operation at any 
supply voltage up to and including the guaranteed maxi- 
mum of ±40V. Input overvoltage protection, both 
common-mode and differential, is 100% tested and 
guaranteed at the maximum supply voltage. Further- 
more, all possible high voltage destructive modes during 
supply voltage turn-on have been eliminated by design. 
As with most 1C op amps, however, certain precautions 
should be observed to insure that the LM143 remains 
virtually blow-out proof. 

Although output short circuits to ground or either 
supply can be sustained indefinitely at lower supply 
voltages, these short circuits should be of limited dura- 
tion when operating at higher supply voltages. Units can 
be destroyed by any combination of high ambient 
temperature, high supply voltages, and high ' power 
dissipation which results in excessive die temperature. 
This is also true when driving low impedance or reactive 
loads or loads that can revert to low impedance; for 
example, the LM143 can drive most general purpose 
op amps outside of the maximum input voltage range, 
causing heavy current to flow and possibly destroying 
both devices. 

Precautions should be taken to insure that the power 
supplies never become reversed in polarity— even under 
transient conditions. With reverse voltage, the 1C will 
conduct excessive current, fusing the internal aluminum 
interconnects. Voltage reversal between the power sup- 
plies will almost always result in a destroyed unit. 


NC 



BOTTOM VIEW 


FIGURE 1. Printed Circuit Layout for Input Guarding 
with TO-5 Package 



FIGURE 3. Guarded Non-Inverting Amplifier 


In high voltage applications which are sensitive to very 
low input currents, special precautions should be exer- 
cised. For example, with high source resistances, care 
should be taken to prevent the magnitude of the PC 
board leakage currents, although quite small, from 
approaching those of the op amp input currents. These 
leakage currents become larger at 125°C and are made 
worse by high supply voltages. To prevent this, PC 
boards should be properly cleaned and coated to prevent 
contamination and to provide protection from condensed 
water vapor when operating below 0°C. A guard ring is 
also recommended to significantly reduce leakage cur- 
rents from the op amp input pins to the adjacent high 
voltage pins in the standard op amp pin connection as 
shown in Figure 1. Figures 2, 3 and 4 show how the 
guard ring is connected for the three most common op 
amp configurations. 

Finally, caution should be exercised in high voltage 
applications as electrical shock hazards are present. Since 
the negative supply is connected to the case, users may 
inadvertantly contact voltages equal to those across the 
power supplies. 


The LM143 can be used as a plug-in replacement in most 
general purpose op amp applications. The circuits pre- 
sented in the following section emphasize those applica- 
tions which take advantage of the unique high voltage 
capabilities of the LM143. 



FIGURE 2. Guarded Voltage Follower 


R1 R2 



FIGURE 4. Guarded Inverting Amplifier 
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Typical Applications t (For more detail see AN-127) 


V + = 38V 




130 Vp.p Drive Across a Floating Load 


*R2 may be adjustable to trim the gain. 

**R7 may be adjusted to compensate for the resistance tolerance of R4 - R7 for best CMR. 


±34V Common-Mode Instrumentation Amplifier 



±65V 

REGULATED 

OUTPUT 


Tracking ±65V, 1 Amp Power Supply with Short Circuit Protection 

^The 38V supplies allow for a 5% voltage tolerance. All resistors are 1/2 watt, except as noted. 
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LM143/LM343 






LM143/LM343 


Typical Applications (Continued) (For more detail see AN-127) 


R1 

2 MEG 




1 Amp Power Amplifier with Short Circuit Protection 
^The 38V supplies allow for a 5% voltage tolerance. All resistors are 1 /2 watt, except as noted. 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM144/LM344 High Voltage, High Slew Rate Operational 
Amplifier 


General Description 

The LM144 is a general purpose high voltage, uncom- 
pensated operational amplifier featuring operation to 
±36V, complete input overvoltage protection up to the 
supply voltages and input currents comparable to those 
of other super-0 op amps. Increased slew rate, together 
with high common-mode and supply rejection, insure 
excellent performance at high supply voltages. Operating 
characteristics, in particular supply current, slew rate 
and gain, are virtually independent of supply voltage 
and temperature. Furthermore, due to thermal symmetry 
on the die, gain is unaffected by output loading at 
high supply voltages. 

With the unique advantages of low input current, high 
gain, and high slew rate, the LM144 can increase accu- 
racy and useful frequency range in many existing applica- 
tions. For example, the LM144 is a plug-in replacement 
for the LM101A, as well as other general purpose 
op amps. 

The LM144 can be compensated with a single capacitor, 
thus giving the user the abil ity- to optimize ac parameters 
to suit the application. For example, in applications 
such as audio power amplifiers, the LM144 with a gain 
of 10 can provide a ±30V output swing, a slew rate of 
approximately 30V//US, and a 120 kHz full power 


bandwidth. In applications where capacitive loads or 
cables must be driven, the LM144 can be overcompen- 
sated for increased stability. 

The LM344 is similar to the LM144 for applications in 
less severe supply voltage and temperature environments. 

Features 

■ External compensation provides 
large power bandwidth (A v > 10) 

■ Wide operating voltage range 

■ Large output voltage swing 

■ Wide input common-mode range 

■ Input overvoltage protection 

■ Electrical characteristics independent of supply 
voltage and temperature 

Unique Characteristics 


■ Low input bias current 8.0 nA 

■ Low input offset current 1 .0 nA 

■ High slew rate (A v > 10) 30V/jUs 

■ High voltage gain 100k min 


■ Offset voltage null capability 


120 kHz 
±4.0V to ±36V 
±30V 


Typical Application 

Large Power Bandwidth, Current Boosted Audio Line Driver 
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LM144/LM344 



LM144/LM344 


Absolute Maximum Ratings 

(These ratings are not concurrent) 



LM144 

LM344 

Supply Voltage 

±40V 

±34V 

Power Dissipation (Note 1) 

680 mW 

680 mW 

Differential Input Voltage (Note 2) 

80V 

68V 

Input Voltage (Note 2) 

±40V 

±34V 

Operating Temperature Range 

-55°C to +1 25°C 

0°C to +70° C 

Storage Temperature Range 

-65°C to +1 50° C 

-65°Cto+150°l 

Output Short Circuit Duration 

5 seconds 

5 seconds " 

Lead Temperature (Soldering, 10 seconds) 

300° C 

300° C 


Electrical Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

LM144 

LM344 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

T a = 25° C 


2.0, 

5.0 


2.0 

8.0 

mV 

Input Offset Current 

T a = 25°C 


1.0 

3.0 


1.0 

10 

nA 

Input Bias Current 

T a = 25°C 


8;0 

,0 


8.0 

40 

nA 

Supply Voltage 

T a = 25°C 


10 

100 


10 

200 

juV/V 

Rejection Ratio 









Output Voltage Swing 

T a = 25°C, R l > 5k£2 

22 

25 


20 

25 


V 

Large Signal Voltage Gain 

T a = 25°C, V OUT =±10V, 

100k 

180k 


70k 

180k 


V/V 


R l > 100 kft 








Common-Mode Rejection 

' T a = 25°C 

80 

90 


70 

90 


dB 

Ratio 









Input Voltage Range 

T a = 25°C 

24 

26 


22 

26 


V 

Supply Current 

T a = 25° C 


2.0 

4.0 


2.0 

5.0 

mA 

Short Circuit Current 

T a = 25° C 


20 



20 


mA 

Slew Rate 

T a = 25°C, A v = 1 


2.5 



2.5 


V/jus 


T a = 25°C, A v = 10, Cl =3pF 


30 



30 


V/jus 

Power Bandwidth 

T a = 25 C, V OUT = 40 Vp-p, 


20k 



20k 


Hz 


R l = 5 kfi, THD < 1%, A v = 1 








Unity Gain Frequency 

T a = 25°C 


1.0M 



1.0M 


Hz 

Input Offset Voltage 

T a = Max 



6.0 



10 

mV 


T A = Min 



6.0 



10 

mV 

Input Offset Current 

T A = Max 


0.8 

4.5 


0.8 

14 

nA 


T a = Min 


1.8 

7.0 


1.8 

14 

nA 

Input Bias Current 

T a = Max 


5.0 

35 


5.0 

55 

nA 


T a = Min 


16 

35 


16 

55 

nA 

Large Signal Voltage Gain 

R l > 100 kfZ, T a = Max 

50k 

150k 


50k 

150k 


V/V 


R l > 100 k£2, T a = Min 

50k 

220k 


50k 

220k 


V/V 

Output Voltage Swing 

R L > 5.0 k£2, T a = Max 

22 

26 


20 

26 


V 

— 

R l >5.0k£2, T a = Min 

22 

25 


20 

25 j 


V 


Note 1: The maximum junction temperature of the LM144 is 150°C, while that of the LM344 is 100°C. For operating at elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The 
thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: For supply voltage less than ±40V for the LM144 and less than ±34V for the LM344, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 3: These specifications apply for Vg = ±28V. For the LM144, T/\ = max = 125°C and T/^ = min = -55°C. For the LM344, T/^ = max = 70°C 
and T/\ = min = 0°C. 
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Application Hints (SeeAiso an 127) 

The LM144 is designed for trouble-free operation at any 
supply voltage up to a maximum of ±40V. Input over- 
voltage protection, both common-mode and differen- 
tial, is 100% tested and guaranteed at the maximum 
supply voltage. Furthermore, all possible high voltage 
destructive modes during supply voltage turn-on have 
been eliminated by design. As with most 1C op amps, 
however, certain precautions should be observed to 
insure that the LM144 remains virtually blow-out 
proof. 

Although output short circuits to ground or either 
supply can be sustained indefinitely for supply voltages, 
below ±18V, these short circuits should be of limited 
duration when operating at higher supply voltages. 
Units can be destroyed by any combination of high 
ambient temperature, high supply voltages, and high 
power dissipation which results in excessive die tempera- 
ture. This is also true when driving low impedance or 
reactive loads or loads that can revert to low impedance; 
for example, the LIVM44 can drive most general purpose 
op amps outside of their maximum input voltage range, 
causing heavy current to flow and possibly destroying 
both devices. 

Precautions should be taken to insure that the power 
supplies never become reversed in polarity— even under 
transient conditions. With reverse voltage, the 1C will 
conduct excessive current, fusing the internal aluminum 
interconnects. Voltage reversal between the power 
supplies will almost always result in a destroyed unit. 

In high voltage applications which are sensitive to very 
low input currents, special precautions should be exer- 



FIGURE 1. Printed Circuit Layout for Input Guarding 
with TO-5 Package 

Rl R2 



FIGURE 3. Guarded Non-Inverting Amplifier 


cised. For example, with high source resistances, care 
should be taken to prevent the magnitude of the PC 
board leakage currents, although quite small, from 
approaching those of the op amp input currents. These 
leakage currents become larger at 125°C and are made 
worse by high supply voltages. To prevent this, PC 
boards should be properly cleaned and coated to prevent 
contamination and to provide protection from con- 
densed water vapor when operation below 0°C. A guard 
ring is also recommended to significantly reduce leakage 
currents from the op amp input pins to the adjacent high 
voltage pins in the standard op amp pin connection as 
shown in Figure 1. Figures 2 , 3 and 4 show how the 
guard ring is connected for the three most common op 
amp configurations. 

The minimum values given for the frequency compensa- 
tion capacitor are stable only for source resistances less 
than 10 k£2, stray capacitances on the summing junction 
less than 5 pF and capacitive loads smaller than 100 pF. 
If any of these conditions are not met, it becomes 
necessary to overcompensate the amplifier with a 
larger compensation capacitor. Alternately, lead capaci- 
tors can be used in the feedback network to negate the 
effect of stray capacitance and large feedback resistors 
or an RC network can be added to isolate capacitive 
loads. See Figures 5, 6 and 7. 

Finally, caution should be exercised in high voltage 
applications as electrical shock hazards are present. Since 
the negative supply is connected to the case, users may 
inadvertantly contact voltages equal to those across the 
power supplies. 



Rl R2 



FIGURE 4. Guarded Inverting Amplifier 
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LM144/LM344 


Application Hints (Continued) 



FIGURE 5. Single Pole Compensation 




FIGURE 7. Compensating For Stray Input 
Capacitances or Large Feedback Resistor 


R3 




FIGURE 8. Protecting Against Gross FIGURE 9. Balancing Circuit 

Fault Conditions 


Connection Diagrams 


Dual-1 n-Line Package 



TOP VIEW 

Order Number LM144D 
or LM344D 
See NS Package D14E 


Metal Can Package 
COMPENSATION 



NOTE: Pin 4 connected to case. 
TOP VIEW 


Order Number LM144H 
or LM344H 
See NS Package H08C 
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National Operational Amplifiers/Buffers 

Semiconductor 
LM146/LM246/LM346 Programmable Quad Operational 
Amplifiers 


General Description 


Features ( i set = i o 


The LM146 series of quad op amps consists of four ■ 

independent, high gain, internally compensated, low ■ 

power, programmable amplifiers. Two external resistors a 
(RSET) allow the user to program the gain bandwidth 
product, slew rate, supply current, input bias current, 
input offset current and input noise. For example, the ■ 
user can trade-off supply current for bandwidth or ■ 
optimize noise figure for a given source resistance. In a ■ 
similar way, other amplifier characteristics can be u 
tailored to the application. Except for the two program- 
ming pins at the end of the package, the LM146 pin-out 
is the same as the LM124 and LM148. * 


Programmable electrical characteristics 
Battery-powered operation 

Low supply current 350 jltA amplifier 

Guaranteed gain bandwidth product 0.8 MHz min 
Large DC voltage gain 120 dB 

Low noise voltage 28 nV/\/Hz 

Wide power supply range ±1.5V to ±22V 

Class AB output stage— no crossover distortion 
Ideal pin out for Biquad active filters 
Input bias currents are temperature compensated 


Connection Diagrams (Dual-ln-Line Packages, Top Views) 



Order Number LM146J, LM246J or LM346J 
See NS Package J16A 

Order Number LM246N or LM346N 
See NS Package N16 A 


PROGRAMMING EQUATIONS 


Total Supply Current = 1.4 m A ( I§et/ 1 0 mA) 
Gain Bandwidth Product = 1 MHz OsET^O mA) 
Slew Rate = 0.4 V/ms dsET^O juA) 

Input Bias Current = 50 nA ( I SET^^ ® mA) 

ISET = Current into pin 8, pin 9 (see schematic- 
diagram) 


*SET = 


V + - V~ - 0.6V 
r SET 


Schematic Diagram 
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LM146/LM246/LM346 


Absolute Maximum Ratings (Note d 









LM146 


LM246 


LM346 



Supply Voltage 

±22V 


±18V 


±18V 



Differential Input Voltage (Note 1) ±30V 


±30V 


±30V 



CM Input Voltage (Note 1 

±15V 


±15V 


±15V 



Power Dissipation (Note 2 

900 mW 


500 mW 

500 mW 



Output Short-Circuit Duration (Note 3) Indefinite 


Indefinite 

Indefinite 



Operating Temperature Range -55°C to +125°C 

25° C to +85°C 

0°C to +70° C 


Maximum Junction Temperature 150°C 


110°C 


100°C 



Storage Temperature Range -65°C to +150 c 

C 

65° C to +1 50°C 

-65° C to +150 

°C 


Lead Temperature (Soldering, 10 seconds) 300°C 


300° C 


300° C 



Thermal Resistance (0j a), (Note 2) 




1 




Cavity DIP (D) (J) P d 

900 mW 


900 mW 

900 mW 



0jA 90° C/W 


90° C/W 

90° C/W 



Molded DIP (N) P d 





500 mW 



e \A 

i 




140° C/W 



DC Electrical Characteristics <v s = ±i5v. i S et= ioha, N ote4i 





- PARAMETER 

CONDITIONS 

LM146 

LM246/LM346 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

VCM = OV, Rs < 50 SI, T A = 25°C 


0.5 

5 


0.5 

6 


Input Offset Current 

VCM = 0V, T A = 25° C 


2 

20 


2 

100 


Input Bias Current 

V C M = 0V, T A = 25° C 


50 

100 


50 

250 


Supply Current (4 Op Amps) 

T A = 25° C 


1.4 

2.0 


1.4 

2.5 


Large Signal Voltage Gain 

R|_ = 10 k^2, AVquT = -10V, 

T A = 25° C 

100 

1000 


50 

1000 



Input CM Range 

T A = 25°C 

±13.5 

±14 


±13.5 

±14 



CM Rejection Ratio 

RS< 10k£2, T A = 25°C 

80 

100 


70 

100 



Power Supply Rejection 

Ratio 

RS< lOkft, T A = 25°C 

80 

100 


74 

100 



Output Voltage Swing 

R L >10kft, T A = 25° C 

±12 

±14 


±12 

±14 



Short-Circuit Current 

Ta= 25° C 

5 

20 

30 

5 

20 

30 


Gain Bandwidth Product 

T A = 25° C 

0.8 

1.2 


0.5 

1.2 



Phase Margin 

T A = 25° C 


60 



60 



Slew Rate 

Ta = 25° C 


0.4 



0.4 



Input Noise Voltage 

f = 1 kHz, T A = 25° C 


28 



28 



Channel Separation 

Rl= 10k£2, AVouT = 0V to 
±12V, T A = 25° C 


120 



120 



Input Resistance 

T A = 25°C 


1.0 



1.0 



Input Capacitance 

Ta = 25° C 


2.0 



2.0 



Input Offset Voltage 

VCM = 0V, R S < 50 SI 


0.5 

6 


0.5 

7.5 

mV 

Input Offset Current 

V C M = 0V 


2 

25 


2 

100 

nA 

Input Bias Current 

V CM = 0V 


50 

100 


50 

250 

nA 

Supply Current (4 Op Amps) 



1.5 

2.0 


1.5 

2.5 

mA 

Large Signal Voltage Gain 

RL= 10 k^2, AVoUT = ± 10V 

50 

1000 


25 

1000 


V/mV 

Input CM Range 


±13.5 

±14 


±13.5 

±14 


V 

CM Rejection Ratio 

RS < 50 n 

70 

100 


70 

100 


dB_ 

Power Supply Rejection 

Ratio 

RS<50£2 

76 

100 

, 

74 

100 


dB 

Output Voltage Swing 

Rj_ > 10 k£2 

±12 

±14 


±12 

±14 


V 
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DC Electrical Characteristics <v s = ±i 5 v, i S et = i ma> 


PARAMETER 

CONDITIONS 

| LM146 

| LM246/LM346 

UNITS 

MIN 



MIN 

TYP 

MAX 

Input Offset Voltage 

VcM = 0V, R S <50£2, 

T A = 25°C 


0.5 

5 


0.5 

7 

mV 

Input Bias Current 

V C M = 0V, T A = 25° C 


7.5 

20 


7.5 

100 

nA 

Supply Current (4 Op 

Amps) 

T A = 25° C 


140 

250 


140 

300 

ma 

Gain Bandwidth Product 

T A = 25°C 

80 

100 


50 

100 


kHz 


DC Electrical Characteristics (v s = ±i.5v,iset= iom) 


PARAMETER 


CONDITIONS 


LM146 


MIN 


LM246/LM346 


MIN 


TYP 


UNITS 


Input Offset Voltage 

Input CM Range 
CM Rejection Ratio 
Output Voltage Swing 


VCM = 0V, Rs<50n, 
T A = 25° C 

T A = 25° C 

RS<50fi. T A = 25°C 
Rl> 10 kfi, T A = 25° C 


±0.7 


±0.6 


0.5 


80 


±0.7 


± 0.6 


0.5 


80 


mV 

V 
dB 

V 


Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjM A x, 0j A , and the 
ambient temperature, T A . The maximum available power dissipation at any temperature is Pj = (Tj|\/j A x — T A )/0j A or the 25° C PdMAX/ which- 
ever is less. 

Note 3: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the 
maximum junction temperature will be exceeded. 

Note 4: These specifications apply over the absolute maximum operating temperature range unless otherwise noted. 


Typical Performance Characteristics 


Input Bias Current vs IsET 


Supply Current vs IsET 


Open Loop Voltage Gain vs 
•SET 
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Typical Performance Characteristics (Continued) 


Open Loop Voltage Gain 
vs Temperature 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Gain Bandwidth Product 
vs Temperature 



TEMPERATURE (°C) 


Slew Rate vs 
Temperature 


= 

= 

1 

s 


m 


= 

= 





Bl 

IB 

Bl 

Bl 

Bl 



■ 

■ 

■ 

■ 

m 

m 

■ 




n 


ji 










SI 

s 

SI 




IB 


IB 


Bl 

Bl 





■ 


■ 

■ 

■ 



1 

s 



= 

= 

== 




Bl 

Bl 

B 

Bl 

Bl 

Bi 




■ 

■ 

■ 



J.UUI ■ ■ " ■ ■ ■ 

-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Input Noise Voltage vs 
Frequency 



Input Noise Current vs 
Frequency 



Power Supply Rejection 
Ratio vs Frequency 
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Application Hints 


Avoid reversing the power supply polarity, the device 
will fail. 

Common-Mode Input Voltage: The negative common- 
mode voltage limit is one diode drop above the negative 
supply voltage. Exceeding this limit on either input will 
result in an output phase reversal. The positive common- 
mode limit is typically IV below the positive supply 
voltage. No output phase reversal will occur if this limit 
is exceeded by either input. 

Output Voltage Swing vs lsET : For a desired output 
voltage swing the value of the minimum load depends on 
the positive and negative output curent capability of the 
op amp. The maximum available positive output current, 
0CL+)» °f the device increases with IsET whereas the 
negative output current (IcL— ) ' s independent of IsET- 
Figure 1 illustrates the above. 


--CURRENT LIMIT (l CL _> - 


+CURRENT LIMIT (l CL+ ) 


Isolation Between Amplifiers: The LM146 die is iso- 
thermal ly layed out such that crosstalk between all 4 
amplifiers is in excess of —105 dB (DC). Optimum 
isolation (better than —110 dB) occurs between ampli- 
fiers A and D, B and C; that is, if amplifier A dissipates 
power on its output stage, amplifier D is the one which 
will be affected the least, and vice versa. Same argument 
holds for amplifiers B and C. 

LM146 Typical Performance Summary: The LM146 
typical behavior is shown in Figure 3. The device is fully 
predictable. As the set current, l$ET, increases, the 
speed, the bias current, and the supply current increase 
while the noise power decreases proportionally and the 
V os remains constant. The usable GBW range of the op 
amp is 10 kHz to 3.5-4 MHz. 
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■■■III 

um 

mm 

■i 
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mm 

■ii 



io too 

SUPPLY CURRENT fcA) 


•SET (mA) 

FIGURE 1, Output Current Limit vs IsET 


Input Capacitance: The input capacitance, C|fvj, of the 
LM146 is approximately 2 pF; any stray capacitance, 
Cs, (due to external circuit circuit layout) will add to 
C||\|. When resistive or active feedback is applied, an 
additional pole is added to the open loop frequency 
response of the device. For instance with resistive feed- 
back (Figure 2), this pole occurs at 1/2 tt (R1||R2) 
(C||\i + Cs). Make sure that this pole occurs at least 
2 octaves beyond the expected —3 dB frequency corner 
of the closed loop gain of the amplifier; if not, place a 
lead capacitor in the feedback such that the time con- 
stant of this capacitor and the resistance it parallels is 
equal to the R|(Cs + C| |\|), where R| is the input resis- 
tance of the circuit. 


pVW" j - 

[\ 

C IN + C S , 




o— 



Temperature Effect on the GBW: The GBW (gain 
bandwidth product), of the LM146 is directly propor- 
tional to IsET anc * inversely proportional to the ab- 
solute temperature. When using resistors to set the 
bias current, IsET/ °f the device, the GBW product will 
decrease with increasing temperature. Compensation 
can be provided by creating an l$|=T current directly 
proportional to temperature (see typical applications). 


FIGURE 3. LM146 Typical Characteristics 

Low Power Supply Operation: The quad op amp oper- 
ates down to ±1.3V supply. Also, singe the internal 
circuitry is biased through programmable current sources, 
no degradation of the device speed will occur. 

Speed vs Power Consumption: LM146 vs LM4250 
(single programmable). Through Figure 4, we observe 
that the LM146's power consumption has been opti- 
mized for GBW products above 200 kHz, whereas the 
LM4250 will reach a GBW of no more than 300 kHz, for 
GBW products below 200 kHz, the LM4250 will con- 
sume less. 



SUPPLY CURRENT (yk) 

FIGURE 4. LM146 vs LM4250 
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Typical Applications 


Dual Supply or Negative Supply Biasing 


Single (Positive) Supply Biasing 




•SET ~ 


1V~| - 0.6V 

r set . 


•SET “ 


V + - 0.6V 

r set 


Current Source Biasing 
with Temperature Compensation 


Biasing all 4 Amplifiers 
with Single Current Source 




•set 3 


67.7 mV 
r SET 


•sett 

>SET2 


R2 

— . <SET1 + 'SET2 = 


67.7 mV 
r SET 


• The LM334 provides an isET directly proportional to 
absolute temperature. This cancels the slight GBW product 
temperature coefficient of the LM346. 


For ISETI - 'SET2 resistors R1 and R2 are not required 
if a slight error between the 2 set currents can be tolerated. 
If not, then use R1 = R2 to create a 100 mV drop across 
these resistors. 
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Active Filters Applications 

Basic {Non-Inverting "State Variable") Active Filter Building Block 


100k 



• The LM146 quad programmable op amp is especially suited for active filters because of their adequate GBW product and low power 
consumption. 

Circuit synthesis equations (for circuit analysis equations, consult with the AF100 and LM148 data sheet). 

Need to know desired: f 0 = center frequency measured at the BP output 

Q 0 = quality factor measured at the BP output 
H 0 = gain at the output of interest (BP or HP or LP or all of them) 


* Relation between different gains: H q (bp) = 0.316 x Q 0 x Ho(LP); H o(LP) = 10 x H d (hp) 
5.033 x 10“2 

A R x C = (sec) 


A For BP output: Rq 


■( 


v - 1 

3.478 Qq - H 0 ( B p) _ H 0 ( B p) \ 

1q5 1 0 5 x 3.478 x Q 0 J 


R|N = 


/ 3.478 Q 0 \ 
\ H o(BP) / 


- 10-5 


A For HP output: Rq = 


For LP output: Rq = 


1.1 x10B 


3.478 Qo (1.1 -H o(H p))-H 0 (HP) 




-- 1 


■ — — + 10~5 

RQ 


11 


Note. All resistor values are given in ohms. 


11 x 10° 


3.478 Q 0 (11 -H o(L p))-H o(L p) 


; R|N = 


H o(LP) 

1 


A For BR (notch) output: Use the 4th amplifier of the LM146 to sum the LP and HP outputs of the basic filter. 



Rp RF 

Determine Rp according to the desired gains: H o(B r) | f << = — H o(LP ) , H o(B r) | f >;> ^ = — H o(H p) 

• Where to use amplifier C: Examine the above gain relations and determine the dynamics of the filter. Do not allow slew rate limiting 
in any output (Vpjp, Vbp, V|_p), that is: 


V,N(peaW< 63.66x 103 x i§lX x _L_ 


(Volts) 


If necessary, use amplifier C, biased at higher I SET* where you get the largest output swing. 

Deviation from Theoretical Predictions: Due to the finite GBW products of the op amps the f Q , Qq will be slightly different from the 
theoretical predictions. 

f o Q 0 


*real = 


1 +- 


GBW 


Qreal 1 


1 - 


3.2 f Q x Q 0 
GBW 
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Active Filters Applications (Continued) 


A Simple-to-Design BP, LP Filter Building Block 



If resistive biasing is used to set the LM346 performance, the Qq of this filter building block is nearly insensitive to the op amp's GBW 
product temperature drift; it has also better noise performance than the state variable filter. 

Circuit Synthesis Equations 

0.159 Rn R 

h o(BP) s Q 0 H 0 (LP); R X C = — ; Rq = Qo X R; R| N * = — 

f o H o(BP) h o(LP) 

For the eventual use of amplifier C, see comments on the previous page. 


A 3-Amplifier Notch Filter (or Elliptic Filter Building Block) 



Circuit Synthesis Equations 


R x C = ; Rq = Qq x R; R IN = ~ - « — 

f o c xf notch 

p 

h o(BR} | f <<; , notcb = SHJ H ° (BF ” I f » fnotch 


• For nothing but a notch output: R||\| = R, C' = C. 
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Active Filters Applications (Continued) 

Capacitoriess Active Filters (Basic Circuit) 



This is a BP, LP, BR filter. The filter characteristics are created by using the tunable frequency response of the LM346. 

63.66 x 10 3 I$eT 0*A) (V> 


Limitations: Q 0 < 10, f Q x Q 0 < 1.5 MHz, output voltage should not exceed Vpeak(out) < 


10 mA 


R6 + R5 

Design equations: a = , b = - 


R3 + R4 


, d = 


RIO /b 

Q ' f o(BP) = f u H o(BP) = a x c, 


h o(LP) = , Qq = Va x b 

b 

/ c\ RIO 

f o(BR) = f o(BP) I 1 ~ — “ ^o(BP) (C « 1) provided that d = H 0<BP ) x e, H 0 ( BR ) = 


• Advantage: f Q , Q 0 , H 0 can be independently adjusted; that is, the filter is extremely easy to tune. 

• Tuning procedure (ex. BP tuning) 

1 . Pick up a convenient value for b; (b < 1 ) 

2. Adjust Q 0 through R5 

3. Adjust H 0 ( B p) through R4 

4. Adjust f Q through RsET 



• Since for this filter the GBW product of all 4 amplifiers has been designed to be the same 1 MHz) only one current source can 
be used to bias the circuit. Fine tuning can be further accomplished through R^. 


3-144 



Miscellaneous Applications 


A Unity Gain Follower 
with Bias Current Reduction 


Circuit Shutdown 




• For better performance, use a matched 
NPN pair. 


• .By pulling the SET pin(s) to V — the op amp(s) shuts down and its 
output goes to a high impedance state. According to this property, 
the LM346 can be used as a very low speed analog switch. 



Voice Activated Switch and Amplifier 


v + 
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LM146/LM246/LM346 


Miscellaneous Applications (Continued) 


X10 Micropower Instrumentation Amplifier with Buffered Input Guarding 
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National 

Semiconductor 


Operational Amplifiers/Buffers 


LM148, LM149 Series Quad 741 Op Amps 

LM148/LM248/LM348 quad 741 op amps 
LM149/LM249/LM349 wide band decompensated (Av(min) = 5) 


General Description 

The LM148 series is a true quad 741. It consists of four 
independent, high gain, internally compensated, low 
power operational amplifiers which have been designed 
to provide functional characteristics identical to those of 
the familiar 741 operational amplifier. In addition the 
total supply current for all four amplifiers is comparable 
to the supply current of a single 741 type op amp. 
Other features include input offset currents and input 
bias current which are much less than those of a standard 
741. Also, excellent isolation between amplifiers has 
been achieved by independently biasing each amplifier 
and using layout techniques which minimize thermal 
coupling. The LM149 series has the same features as 
the LM148 plus a gain bandwidth product of 4 MHz at a 
gain of 5 or greater. 

The LM148 can be used anywhere multiple 741 or 1558 
type amplifiers are being used and in applications where 
amplifier matching or high packing density is required. 


Features 

■ 741 op amp operating characteristics 

■ Low supply current drain 0.6 mA/Amplifier 

■ Class AB output stage— no crossover distortion 

■ Pin’compatible with the LM1 24 


■ 

Low input offset voltage 

1 mV 

■ 

Low input offset current 

4nA 

■ 

Low input bias current 

30 nA 

■ 

Gain bandwidth product 



LM148 (unity gain) 

1.0 MHz 


LM149 (A v > 5) 

4 MHz 

■ 

High degree of isolation between 

120 dB 


amplifiers 


■ Overload. protection for inputs and outputs 


Schematic and Connection Diagrams 



Dual-1 n-Line Package 

OUT 4 IN 4 IN 4* V- IN 3* IN 3 OUT 3. 



TOP VIEW 

Order Number LM148J, LM248J, LM348J, 
LM149J, LM249J or LM349J 
See NS Package J14A 
Order Number LM348N or LM349N 
See NS Package N14A 
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LM148, LM149 Series 


Absolute Maximum Ratings 


Supply Voltage 
Differential Input Voltage 
Input Voltage 

Output Short Circuit Duration (Note 1 ) 
Power Dissipation (P d at 25°C) and 
Thermal Resistance (0 jA ), (Note 2) 
Molded DIP (N) P d 


LM148/LM149 

±22V 
±44V 
±22 V 

Continuous 


LM248/LM249 

±18V 

±36V 

±18V 

Continuous 


LM348/LM349 

±18V 

±36V 

±18V 

Continuous 


Cavity DIP (J) P d 
*iA 

Maximum Junction Temperature (T jMAX ) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 60 seconds) 


1 50 C 

-55°C<T A <+125°C 
-65°C to +1 50°C 
300°C 


900 mW 
100°C/W 

110°C 

-25° C < T a < +85°C 
-65°C to +150°C 
300° C 


10(TC 

0°C<T A <+70°C 
-65°C to +150°C 
300° C 


Electrical Characteristics (Note3> 



Output Short Circuit Current 
Input Offset Voltage 
Input Offset Current 
Input Bias Current 
Large Signal Voltage Gain 


Output Voltage Swing 


Input Voltage Range 
Common-Mode Rejection 
Ratio 

Supply Voltage Rejection 


V s =±15V, V OUT =±10V 
R L > 2 k£2 


V s =±15V, R l = 10 kft, 
R L = 2 kf2 

V s = ±1 5V 
R s < 10kS2 


Note 1: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the 
maximum junction temperature will be exceeded. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX* 0 jA* anc ^ t* 16 
ambient temperature, T/\. The maximum available power dissipation at any temperature is P^ = (TjMAX — T/\)/0j/\ or the 25 C PdMAX* which- 
ever is less. 

Note 3: These specifications apply for V$ - ±15V and over the absolute maximum operating temperature range (T|_ < T/^ < Tj-j) unless otherwise 
noted. 
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GAIN (dB) CMRR (dB) POSITIVE OUTPUT VOLTAGE SWING (V) SUPPLY CURRENT (mA) 
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Application Hints 

The LM148 series are quad low power 741 op amps. 
In the proliferation of quad op amps, these are the first 
to offer the convenience of familiar, easy to use operating 
characteristics of the 741 op amp. In those applications 
where 741 op amps have been employed, the LM148 
series op amps can be employed directly with no change 
in circuit performance. 

The LM149 series has the same characteristics as the 
LM148 except it has been decompensated to provide a 
wider bandwidth. As a result the part requires a mini- 
mum gain of 5. 


the output (and feedback connection) and the capaci- 
tance to reduce the phase shift resulting from the capa- 
citive loading. 

The output current of each amplifier in the package is 
limited. Short circuits from an output to either ground 
or the power supplies will not destroy the unit. However, 
if multiple output shorts occur simultaneously, the time 
duration should be short to prevent the unit from being 
destroyed as a result of excessive power dissipation in 
the 1C chip. 


The package pin-outs are such that the inverting input 
of each amplifier is adjacent to its output. In addition, 
the amplifier outputs are located in the corners of the 
package which simplifies PC board layout and minimizes 
package related capacitive coupling between amplifiers. 

The input characteristics of these amplifiers allow 
differential input voltages which can exceed the supply 
voltages. In addition, if either of the input voltages is 
within the operating common-mode range, the phase of 
the output remains correct. If the negative limit of the 
operating common-mode range is exceeded at both 
inputs, the output voltage will be positive. For input 
voltages which greatly exceed the maximum supply 
voltages, either differentially or common-mode, resistors 
should be placed in series with the inputs to limit 
the current. 

Like the LM741, these amplifiers can easily drive a 
100 pF capacitive load throughout the entire dynamic 
output voltage and current range. However, if very large 
capacitive loads must be driven by a non-inverting 
unity gain amplifier, a resistor should be placed between 


As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pickup" and maximize the 
frequency of the feedback pole which capacitance from 
the input to ground creates. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and capa- 
citance from the input of the device (usually the 
inverting input) to ac ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the feedback pole 
is less than approximately six times the expected 3 dB 
frequency a lead capacitor should be placed from the 
output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con- 
stant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 


Typical Applications — LM148 

One Decade Low Distortion Sinewave Generator 


Low Cost Instrumentation Amplifier 




v OUT 




v s — 3v< V,MCM< Vs-3V, 


R = R2, trim R2 to boost CMRR 


f MAX = 5 kHz, THD < 0.03% 

R1 = 100k pot., Cl =0.0047 mF,C2 = 0.01pF,C3 = 0.1mF,R2 = R6 = R7 = 1M, 

R3 = 5.1k, R4 = 12 ft, R5 = 240n, Q = NS5102, D1 = 1N914, D2 = 3.6V avalanche 
diode (ex. LM 1 03) , V s = ± 1 5 V 

A simpler version with some distortion degradation at high frequencies can be 
made by using A1 as a simple inverting amplifier, and by putting back to back 
zeners in the feedback loop of A3. 
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Typical Applications — LM148 (Continued) 

Low Drift Peak Detector with Bias Current Compensation 



Universal State-Space Filter 

RS 



Tune Q through RO, 

For predictable results: fo □ < 4 x 10 4 
Use Band Pass output to tune for G 


V( S ) N(s) , Su 0 

= , D(s) = S - ^ + + t o 0 ‘ 

V !N (s) D(s) Q 

9 ~Su>o h OBP 

n HP(s) = s h OHP- n BP(s) = 7 

1 /R6 


n LP = ^o h OLP 


to ~ ■ 


f NOTCH 


' 7 ” / 1 + R4IR3 + R4IR0\ / R6 tA 

, tj = RjCj, Q = I 1 I 

t1t2 \ 1+R6IR5 / \R5 t 2 / 

2n \RLtlt 2 / 


1/2 


1 + R4IR3 + R4IR0 


. H OHP = 


1 + R3IR0 + R3IR4 


h OBP = 


1 + R3IR0 + R3IR4 


h OLP = 


1 + R5IR6 
1 + R3IR0 + R3IR4 
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Ex: fNOTCH = 3 kHz, Q = 5, R1 = 270k, R2 = R3 = 20k, R4 = 27k, R5 = 20k, R6 = R8 = 10k, R7 = 100k, Cl = C2 = O.OOIjiF 
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Typical Applications — LM148 (Continued) 


A 4th Order 1 kHz Elliptic Filter (4 Poles, 4 Zeros) 



f c = 1 kHz, f s = 2 kHz, fp = 0.543, f 2 = 2.14, Q = 0.841 , f'p = 0.987, f' z = 4.92, Q' = 4.403, normalized to ripple BW 

1 /R6 1 1 fa 1 / 1 + R4IR3 + R4IR0 \ /r 7 6 1 + R'4IR'0 

f p = — / x -,f Z = — / x -, Q =( lx / — ,Q' = / 

27t v R5 t 2 tt V r L t \ 1 + R6IR5 J V R5 V R'5 1 + R'6IR'5 + R'6IRp 


r H r L 
R P = 

R h + R L 

Use the BP outputs to tune Q, Q', tune the 2 sections separately 

R1 = R2 = 92.6k, R3 = R4 = R5 = 100k, R6 = 10k, R0 = 107.8k, R L = 100k, R H = 155.1k, 

R'l = R'2 = 50.9k, R'4 = R'5 = 100k, R'6 = 10k, R'0 = 5.78k, R' L = 100k, R' H = 248.12k, R'f = 100k. All capacitors are O.OOImF. 


Typical Applications — LM149 


Minimum Gain to Insure LM149 Stability The LM149 as a Unity Gain Inverter 



Power BW = 40 kHz Small signal BW = G BW/5 

Small Signal BW = G BW/5 




Typical Applications — LM149 (Continued) 


Non-inverting-lntegrator Bandpass Filter 



For stability purposes: R7 = R6/4 , 10R6 = R5, Cq = IOC 


R5 1 Rq 

— x , Q = — 

R6 RC R 


R5 Rq 

— , Hobp = 

R6 R| N 


< f O(MAX). °MAX> = 20 kHz, 10 

Better Q sensitivity with respect to open loop gain variations than the 
state variable filter. 

R7, Cq added for compensation 

Active Tone Control with Full Output Swing (No Slew Limiting at 20 kHz) 





V s = ±15V, V 0UT ( MAX ) = 9-1 V R MS' 
f MAX = 20 kHz, THD < 1% 

Duplicate the above circuit for stereo 


1 1 

f(H = , f H B = — 

2rrR5C3 2 tt(R 1 + 2R7) C3 

Max Bass Gain s (R1 + R2)/R1 
Max Treble Gain * (R 1 + 2R7)/R5 
as shown: f|_ s, 32 Hz, fi_g ^ 320 Hz 
f H = 11 kHz, f HB = 1.1 Hz 


Triangular, Squarewave Generator 




KxV (N 2Vj , 

f = _ , K = R2/R'2, <25V,V + = V~, V S = ±15V 

8V+C1R1 K 

Use LM125 for ±15V supply 

The circuit can be used as a low frequency V/F for process control. 
Q1 , Q3: KE4393, Q2, Q4: P1087E, D1-D4 = 1N914 


JU1_ 
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Typical Simulation 


LM148, LM149, LM741 Macromodel for Computer Simulation 


Vcc 



-v EE 



Pol = 112 Is = 8 • icr 16 

002 = 144 *C2 = 6 pF for LM149 


—For more details, see IEEE Journal of Solid-State 
Circuits, Vol. SC-9, No. 6 , December 1974 
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JtSi Semiconductor 


Operational Amplifiers/ Buffers 


LM158/LM258/LM358, LM158A/LM258A/LM358A, LM2904 
Low Power Dual Operational Amplifiers 

General Description 


The LM158 series consists of two independent, high 
gain, internally frequency compensated operational am- 
plifiers which were designed specifically to operate from 
a single power supply over a wide range of voltages. 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of the 
magnitude of the power supply voltage. 

Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which 
now can be more easily implemented in single power 
supply systems. For example, the LM158 series can be 
directly operated off of the standard +5 V DC power 
supply voltage which is used in digital systems and will 
easily provide the required interface electronics without 
requiring the additional ±1 5 V DC power supplies. 

Unique Characteristics 

■ In the linear mode the input common-mode voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage. 

■ The unity gain cross frequency is temperature 
compensated. 

■ The input bias current is also temperature 
compensated. 

Advantages 

■ Eliminates need for dual supplies 

■ Two internally compensated op amps in a single 
package 


■ Allows directly sensing near GND and V OUT also 
goes to GND 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

■ Pin-out same as LM1558/LM1458 dual operational 
amplifier 

Features 

■ Internally frequency compensated for unity gain 

■ Large dc voltage gain 100 dB 

■ Wide bandwidth (unity gain) 1 MHz 

(temperature compensated) 

■ Wide power supply range: 

Single supply 3 V DC to 30 V DC 

or dual supplies ±1.5 V DC to ±1 5 V DC 

■ Very low supply current drain (500juA) — essentially 
independent of supply voltage (1 mW/op amp at 
+5 V DC ) 

■ Low input biasing current 45 nA DC 

(temperature compensated) 

■ Low input offset voltage 2 mV DC 

and offset current 5 nA oc 

■ Input common-mode voltage range includes ground 

■ Differential input voltage range equal to the power 
supply voltage 

■ Large output voltage 0 V DC to V + -- 1.5 V DC 

swing 


Connection Diagrams (Top Views) Schematic Diagram (Each Amplifier) 


Metal Can Package 



Order Number LM158AH, LM158H, LM258AH, 
LM258H, LM358AH or LM358H 
See NS Package H08C 


NON-INVERTING 3 
INPUT A 





NON-INVERTING 
INPUT B 


Order Number LM358AN 
LM358N or LM2904N 
See NS Package N08B 


LM158/LM258/LM358, 
LM158A/LM258A/LM358A, LM2904 
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LM158/LM258/LM358, 
LM158A/LM258A/LM358A, LM2904 


Absolute Maximum Ratings 


LM 1 58/ LM258/LM358 
LM1 58A/LM258A/LM358A 


Supply Voltage, V + 

32 Vqc or ±16 VdC 

26 Vqc or ±13 Vqc 

Differential Input Voltage 

32 V DC 

26 V DC 

Input Voltage 

"0-3 Vpc to +32 Vqc 

-0.3 Vqc to +26 Vqc 

Power Dissipation (Note 1) 



Molded DIP (LM358N) 

570 mW 

570 mW 

Metal Can (LM158H/LM258H/LM358H) 

830 mW 


Output Short-Circuit to GND (One Amplifier) (Note 2) 
V + <15 V D C and T A = 25°C 

Continuous 

Continuous 

Input Current ( V| |\j <-0.3 Vqc) (Note 3) 

50 mA 

50 mA 

Operating Temperature Range 



LM358 

0°C to +70°C 

-40°C to +85°C 

LM258 

-25°C to +85°C 


LM158 

-55°C to +125°C 


Storage Temperature Range 

-65°C to +150°C 

-65°Cto+l50°C • ■ 

Lead Temperature (Soldering, 10 seconds) 

300° C 

300° C 

Electrical Characteristics iv + 

= +5.0 Vdq, Note 4) 





LM158A 

LM258A 

LM358A 

LM158/LM258 

LM358 

LM2904 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP/ 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

T A = 25°C, (Note 5) 

1 2 

1 3 


2 

3 


±2 

±5 


±2 

±7 


±2 

±7 

mVoC 

Input Bias Current 

l|N(+) or l|N(-). T A = 25° C, (Note 6) 


20 

50 


40 

80 


45 

100 


45 

150 


45 

250 


45 

250 

hAqc 

Input Offset Current 

I|N(+)-I|N(-).Ta = 25°C 


2 

10 


2 

15 


5 

30 


±3 

±30 


±5 

±50 


±5 

±50 

hAqc 

Input Common-Mode 
Voltage Range 

V + = 30 Vqc, T A = 25° C (Note 7) 

0 


V + -1.5 

0 


V + -1.5 

0 


V + -1 .5 

0 


V + -1.5 

0 


V + -1 .5 

0 


V + -1 .5 

Vdc 

Supply Current 

RL = Vcc = 30V (LM2904 Vqc = 26V) 


1 

2 


1 

2 


1 

2 


1 

2 


1 

2 


1 

2* 

mAoc 


r l = oo On All Op Amps 

Over Full Temperature Range 


0.7 

1.2 


0.7 

1.2 


0.7 

1.2 


0.7 

1.2 


0.7 

1.2 


0.7 

1.2 

mA DC 

Large Signal Voltage 

V + = 15 Vqc (For Large Vo. Swing) 

50 

100 


50 

100 


25 

100 


50 

100 


25 

100 



100 


V/m V 

Gain 

R|_>2kft, T A = 25°C 




















Output Voltage Swing 

RL = 2 kfi, T A = 25°C (LM2904 Rl > 10 k£2) 

0 


V + — 1.5 

0 

V 

+ — 1.5 

0 


V+-1.5 

0 


V + — 1 .5 

0 


V + — 1.5 

0 


V + — 1 .5 

vdc 

Common-Mode 

Rejection Ratio 

DC, T A = 25°C 

70 

85 


70 

85 


65 

85 


70 

85 


65 

70 


50 

70 


dB 

Power Supply 

Rejection Ratio 

DC, T A = 25°C 

65 

100 


65 

100 


65 

100 


65 

100 


65 

100 


50 

100 


dB 

Amplifier-to-Amplifier 

f = 1 kHz to 20 kHz, T A = 25°C 


-120 



-120 



-120 



-120 



-120 



-120 


dB 

Coupling 

(Input Referred), (Note 8) 




















Output Current 





















Source 

V|N + = 1 Vqc, V|N _ = 0 Vqc, 

V + = 15 Vqc, T A = 25°C 

20 

40 


20 

40 


20 

40 


20 

40 


20 

40 


20 

40 


mAoc 
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Electrical Characteristics (continued) (v + = + 5.0 vdc- Note 4) 

PARAMETER 

CONDITIONS ~ 

LM158A 

LM258A 

LM358A 

LM158/LM258 

LM358 

LM2904 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Sink 

V|N~= 1 Vqq. V|tM + = 0 Vqq, 

V + = 15 V DC ,Ta-25°C 

V|N~ = 1 Vqc. V|N + = 0 Vdc 

T A = 25°C, Vq = 200 mV DC 

10 20 

12 50 

10 20 

12 50 

10 20 

12 50 

10 20 

12 50 

10 20 

12 50 

10 20 

mADC 

pAd C 

Short Circuit to Ground 

T A = 25°C, (Note 2) 

40 60 

40 60 

40 60 

40 60 

40 60 

40 60 

mAoC 

Input Offset Voltage 

(Note 5) 

4 

4 

5 

±7 

±9 

±10 

mV DC 

Input Offset Voltage 

Drift 

R S = on 

7 15 

7 15 

7 20 

7 

7 

7 

£lV/°C 

Input Offset Current 

l|N(+) ~ l|N(— ) 

30 

30 

75 

+ 100 

±150 

45 ±200 

nADC 

Input Offset Current 

Drift 


10 200 

10 200 

10 300 

10 

10 

10 

pAdc /&c 

Input Bias Current 

*IN(+) o r >IN(-) 

40 100 

40 100 

40 200 

40 300 

40 500 

40 500 

nADC 

Input Common-Mode 
Voltage Range 

V + = 30 V D c, (Note 7) 

0 V + -2 

0 V + -2 

0 V + -2 

0 V + -2 

0 V + ~2 

0 V + -2 

, V DC 

Large Signal Voltage 

Gain 

V + = +15 Vqc (F° r Large Vq Swing) 

R|_> 2 kfi 

25 

25 

15 

25 

15 

15 

V/mV 

Output Voltage Swing 
VOH 

v OL 

V + = +30 Vdc. RL = 2kft 

Rl> 10kft 

V + = 5Vdc, RL<10kf2 

26 

27 28 

5 20 

26 

27 28 

5 20 

26 

27 28 

5 20 

26 

27 28 

5 20 

26 

27 28 

5 20 

22 

23 24 

5 100 

vdc 

vdc 

mVDC 

Output Current 

Source 

Sink 

Vin + = + i Vdc, Vin~' = o Vdc, v + = 15 Vdc 

V|N~ = +1 v D c. V|N + = 0 Vdc. V + = 15 Vdc 

10 20 

10 15 

10 20 

5 8 

10 20 

5 8 

10 20 

5 8 

10 20 

5 8 

10 20 

5 8 

mAoC 

mAoC 

Differential Input 

Voltage 

(Note 7) 

V + 

V + 

V + 

V + 

V+ 

V + 

Vdc 

Note 1: For operating at high temperatures, the LM358/LM358A,LM2904 must be derated based on a +125°C maximum junction temperature and a thermal resistance of 175°C/W which applies for the device 
soldered in a printed circuit board, operating in a still air ambient. The LM258/LM258A and LM1 58/LM1 58A can be derated based on a +1 50°C maximum junction temperature. The dissipation is the total of all 
four amplifiers— use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 40 mA independent of the magnitude of V + . At values of supply 

voltage in excess of +15 Vqq, continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the op amps to go to theV + 
voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, 
again returns to a value greater than -0.3 Vqq. 

Note 4: These specifications apply for V + = +5 Vqq and -55°C < Ta < +125°C, unless otherwise stated. With the LM258/LM258A, all temperature specifications are limited to -25° C < T A < +85° C, the LM358/ 
LM358A temperature specifications are limited to 0°C < T A < +70 u, and the LM2904 specifications are limited to -40°C < T/\ < +85°C. 

Note 5: Vq = 1.4 Vqq, R$ = On with V + from 5 Vqq to 30 Vqq; and over the full input common-mode range (0 Vqq to V + — 1 .5 Vqq). 

Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines. 

Note 7: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V + -1 .5V, but either or both 
inputs can go to +32 Vqq without damage (+26 Vqq for LM2904). 

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitive increases at 
higher frequencies. 
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ILM158/LM258/LM358, 
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Typical Performance Characteristics 


Input Voltage Range 


Input Current 


Supply Current 



0 5 10 15 

V + OR V - POWER SUPPLY VOLTAGE (±V 0C ) 


V CM = 0V oc . 

V* = +3D,vj l l 


55 35 i5 5 25 45 65 85 105 125 
T A - TEMPERATURE ( C) 



-T A = 0°C TO +125^^ 

"" HI— 55°c 


V + ~ SUPPLY VOLTAGE (Vdc) 
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r l = 

20 ki 





I'V 







R l = 2 

k«> 
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i~~~ 
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10 20 30 40 

V + - SUPPLY VOLTAGE (V DC ) 


Open Loop Frequency 
Response 



|v + = 30Vdc& I 
i^55°C<T A <+125°C 


_ V + = 10 TO 15 V DC & >oL 
-55°C < T A < +125°C fOv I 


1.0 10 100 1.0k 10k 100k 1.0M 10M 

f- FREQUENCY (Hz) 


Common Mode Rejection 
Ratio 



100 Ik 10k lot 

f - FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 



Voltage Follower Pulse 
Response (Small Signal) 



1.01 0.1 1 10 100 
OUTPUT SINK CURRENT (mA DC > 


Large Signal Frequency 
Response 




-55 -35 -15 5 25 45 65 85 105 125 

T A -TEMPERATURE (°C) ■ 





Typical Performance Characteristics 

Input Current 



0 10 20 30 

V + - SUPPLY VOLTAGE (V oc ) 


Application Hints 

The LM158 series are op amps which operate with only 
a single power supply voltage, have true-differential 
inputs, and remain in the linear mode with an input 
common-mode voltage of 0 V DC . These amplifiers 
operate over a wide range of power supply voltage with 
little change in performance characteristics. At 25°C 
amplifier operation is possible down to a minimum 
supply voltage of 2.3 V DC . 

Precautions should be taken to insure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a test socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Large differential input voltages can be easily accom- 
modated and, as input differential voltage protection 
diodes are not needed, no large input currents result 
from large differential input voltages. The differential 
input voltage may be larger than V + without damaging 
the device. Protection should be provided to prevent the 
input voltages from going negative more than -0.3 V DC 
(at 25°C). An input clamp diode with a resistor to the 
1C input terminal can be used. 

To reduce the power supply current drain, the amplifiers 
have a class A output stage for small signal levels which 
converts to class B in a large signal mode. This allows the 
amplifiers to both source and sink large output currents. 
Therefore both NPN and PNP external current boost 
transistors can be used to extend the power capability of 
the basic amplifiers. The output voltage needs to raise 
approximately 1 diode drop above ground to bias the 
on-chip vertical PNP transistor for output current sinking 
applications. 

For ac applications, where the load is capacitively 
coupled to the output of the amplifier,, a resistor should 
be used, from the output of the amplifier to ground to 
increase the class A bias current and prevent crossover 


(Continued) (LM2902 only) 



0 10 20 30 

V + - SUPPLY VOLTAGE (V DC ) 


distortion. Where the load is directly coupled, as in dc 
applications, there is no crossover distortion. 

Capacitive loads which are applied directly to the output 
of the amplifier reduce the loop stability margin. Values 
of 50 pF can be accommodated using the worst-case non- 
inverting unity gain connection. Large closed loop gains 
or resistive isolation should be used if larger load 
capacitance must be driven by the amplifier. 

The bias network of the LM158 establishes a drain 
current which is independent of the magnitude of the 
power supply voltage over the range of from 3 V DC to 
30 V DC . 

Output short circuits either to ground or to the positive 
power supply should be of short time duration. Units 
can be destroyed, not as a result of the short circuit 
current causing metal fusing, but rather due to the large 
increase in 1C chip dissipation which will cause eventual 
failure due to excessive junction temperatures. Putting 
direct short-circuits on more than one amplifier at a time 
will increase the total 1C power dissipation to destructive 
levels, if not properly protected with external dissipation 
limiting resistors in series with the output leads of the 
amplifiers. The larger value of output source current 
which is available at 25°C provides a larger output cur- 
rent capability at elevated temperatures (see typical 
performance characteristics) than a standard 1C op amp. 

The circuits presented in the section on typical applica- 
tions emphasize operation on only a single power supply 
voltage. If complementary power supplies are available, 
all of the standard op amp circuits can be used. In 
general, introducing a pseudo-ground (a bias voltage 
reference of V + /2) will allow operation above and below 
this value in single power supply systems. Many applica- 
tion circuits are shown which take advantage of the wide 
input common-mode voltage range which includes 
ground. In most cases, input biasing is not required and 
input voltages which range to ground can easily be 
accommodated. 
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LM158/LM258/LM358, 
L.M158A/LM258A/LM358A, LM2904 


Typical Single-Supply Applications iv + = 5.ov DC ) 


Non-Inverting DC Gain (OV Input = OV Output) 




DC Summing Amplifier 
(Vjivi's > 0 Vqq AND V'o > 0 v'dq) 


R 

100k 



100k 

Where: V 0 = V, + V 2 - V 3 - V 4 

(V, + V 2 > > (V 3 + V 4 ) to keep V Q > 0 V DC 


Power Amplifier 
R1 



"BI-QUAD" RC Active Bandpass Filter Fixed Current Sources 
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Typical Single-Supply Applications (Continued) iv + = 5.ov dc i 

Current Monitor 


Lamp Driver LED Driver 



Driving TTL 


Pulse Generator 






LM158/LM258/LM358, 
ILM158A/LM258A/LM358A, LM2904 


Typical Single-Supply Applications (continued) (v + = 5.ov DC > 


Low Drift Peak Detector 


High Compliance Current Sink 



I 



Comparator with Hysteresis 



Voltage Controlled Oscillator (VCO) 

0.05mF 



AC Coupled Inverting Amplifier 


Ground Referencing A Differential Input Signal 


R, 

100k | 
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LM158/LM258/LM358, 
LM158A/LM258A/LM358A, LM2904 


Typical Single-Supply Applications (Continued) <v + = 5.0 v DC t 


High Input 2 Adjustable-Gain 
DC Instrumentation Amplifier 


R1 

100k 



If R1 = R5 & R3 = R4 = R6 = R7 {CMRR depends on match) 

Vo= .^iV 2 - Vl , 

As shown V o = 101 (V 2 -V,) 


Using Symmetrical Amplifiers to 
Reduce Input Current (General Concept) 



Bridge Current Amplifier 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM159/LM359 Dual, High Speed, Programmable, 
Current Mode (Norton) Amplifiers 


General Description 

The LM159/LM359 consists of two current differencing 
(Norton) input amplifiers. Design emphasis has been 
placed on obtaining high frequency performance and 
providing user programmable amplifier operating 
characteristics. Each amplifier is broadbanded to provide 
a high gain bandwidth product, fast slew rate and stable 
operation for an inverting closed loop gain of 10 or 
greater. Pins for additional external frequency compensa- 
tion are provided. The amplifiers are designed to operate 
from a single supply and can accommodate input 
common-mode voltages greater than the supply. 

Applications 

■ General purpose video amplifiers 

■ High frequency, high Q active filters 

■ Photo-diode amplifiers 

■ Wide frequency range waveform generation circuits 

■ All LM3900 AC applications work to much higher 
frequencies 


Features 

■ User programmable gain bandwidth product, slew 
rate, input bias current, output stage biasing current 
and total device power dissipation 

■ High gain bandwidth product (Iset = °-5 mA) 

400 MHz for A v = 10 to 100 
30 MHz for A v = 1 

■ High slew rate (l SET = 0.5 mA) 

60 V/^s for A v = 10 to 100 
30 V/f4 s for A v = 1 

■ Current differencing inputs allow high common-mode 
input voltages 

■ Operates from a single 5V to 22V supply 

■ Large inverting amplifier output swing, 2 mV to 
V CC -2V 

■ Low spot noise, 6 nV/V Hz, for f>1 kHz 


Typical Application 


Connection Diagram 


0.5 pF 



• A V/ =20 dB 

• - 3 dB bandwidth = 2.5 Hz to 25 MHz 

• Differential phase error<1 ° at 3.58 MHz 

• Differential gain error <0.5% at 3.58 MHz 


Dual-in-Line Package 



Order Number LM159J or LM359J 
See NS Package J14A 
Order Number LM359N 
See NS Package N14A 


EH 
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Absolute Maximum Ratings 








Supply Voltage 

22 Vqc Input Currents, I|n( + ) or I|n( - ) 




lOmAoc 

Power Dissipation (Note 1) 

J Package 

N Package 

Maximum Tj 

J Package 

± 11 VqC Set Currents, IsET(IN) or ISET(OUT) 

Operating Temperature Range 

ivy 

750 mW LM159 

LM359 



-55 

2 mAoc 

C to + 125 °C 

0°C to 70 °C 

15 QCQ Storage Temperature Range 



-65 

C to + 150 °C 

N Package 

125 °C Lead Temperature (Soldering, 10 seconds) 



300 °C 

0jA 

J Package 

100°C/W 








N Package 

160 °C/W 








Electrical Characteristics Iset(in) = iset(out) == 0.5 mA, v SU ppiy = 12 V, t a = 

= 25°C unless otherwise noted. 

Parameter 

Conditions 

LM159 

LM359 j 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Open Loop Voltage Gain 

V S upply = 12V, R L = Ik, f = 100 Hz 

66 

72 


62 

72 


dB 


T A = 125 °C 

62 

68 



68 


dB 

Bandwidth 

, 








Unity Gain 

Rin == 1 kfl, C com p = 10 pF 

20 

30 


15 

30 


MHz 

Gain Bandwidth Product 

R| N = 50fi to 200Q 

300 

400 


200 

400 


MHz 

Gain of 10 to 100 









Slew Rate 









Unity Gain 

Rin = 1 ^comp = 10 pF 


30 



30 


V/^s 

Gain of 10 to 100 

R, N <200n 


60 



60 


V/ M s 

Amplifier to Amplifier 
Coupling 

f = 100 Hz to 100 kHz, R|_ = Ik 


-80 



-80 


dB 

Mirror Gain (Note 2) 

@2 mA I|n( + ), Iset = 5 j^A, T A = 25°C 

0.95 

1.0 

1.05 

0.9 

1.0 

1.1 

jiA/^A 


@0.2 mA l )N ( + ), Iset = 5 ^A 

Over Temp 

0.95 

1.0 

1.05 

0.9 

1.0 

1.1 

jiA//nA 


@20 ^A I|n( + ), Iset = 5 mA 

Over Temp 

0.95 

1.0 

1.05 

0.9 

1.0 

1.1 

^A/jiA 

AMirror Gain (Note 2) 

@20 ^A to 0.2 mA l tN ( + ) 

Over Temp, l SET = 5 ^A 


1 

5 


3 

5 

% 

Input Bias Current 

Inverting Input, T A = 25°C 


8 

15 


8 

15 

mA 


Over Temp 



30 



30 

fA 

Input Resistance (fire) 

Inverting Input 


2.5 



2.5 


kfi 

Output Resistance 

l 0UT = 15 mA rms,'f = 1 MHz 


3.5 



3,5 


u 

Output Voltage Swing 

R L = 600fi 








Vout High 

l, N (-) & l, N ( + ) Grounded 

9.5 

10.3 


9.5 

10.3 


V 

V 0 ut Low 

Output Currents 

i IN ( — ) = 1 00 M A, I , n (+)=0 


2 

50 


2 

50 

mV 

Source 

■in( “ ) & Iin( + ) Grounded, R L = 100fi 

20 

40 


16 

40 


mA 

Sink (Linear Region) 

^comp “ 0.5V = V 0UT = 1 V, 1 ! m ( + ) = 0 


4.7 



4.7 


mA 

Sink (Overdriven) 

I|n(“) = 100 fiA, l IN ( + ) = 0, 

V 0 ut Force = IV 

2 

3 


1.5 

3 


mA 

Supply Current 

Non-Inverting Input 

Grounded, R L = °° 


18,5 

20 


18.5 

22 

mA 

Power Supply Rejection 
(Note 3) 

f = 120 Hz, l )N ( + ) Grounded 

40 

50 


40 

50 


dB 

Note 1: See Maximum Power Dissipation graph. 




/ 

>IN( - ) 

\ 


Note 2: Mirror gain is the current gain of the current mirror which is used as the 

non-inverting 

input. 

(A| = 

J AMirror 

Gain is the % change in A| for two different mirror currents at any given temperature. 




V s 

>IN( + ); 

! 


Note 3: See Supply Rejection graphs.. 
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AMPLIFIER B 
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Schematic Diagram 






LM159/LM359 


Typical Performance Characteristics 


Open Loop Gain 





1 

| 

! 

1 

i 

1 









































j 











_ t A = 

= 25 

°C 










r l = 

_v+ = 

f o = 

10 kn 

12V 









."iM 










o.i 

SET CURRENT (mA) 



0.1 

SET CURRENT (mA) 


Inverting input Bias Current 



o.i 

SET CURRENT (mA) 


Mirror Gain 



Open Loop Gain 


Open Loop Gain 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

: Shaded area refers to LM359J/LM359N 




100 Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 

Gain and Phase 
Feedback Gain = - 100 



1E0 

120 5 

H s 
60 m 
30 2 

0 2 
-30 
-60 . 
~Q0 


0.01 0.1 

SET CURRENT (mA) 


FREQUENCY (MHz) 


inverting Input Bias Current 


Mirror Gain 



T A = 25°C 

l J±l 

Iin(+) 

l|N<+) = 2 mA DC + 200 AAp-p 
R, = 10012 


Mi 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

>: Shaded area refers to LM359J/LM359N 


Ik 10k 100k 1M 

FREQUENCY (Hz) 




TEMPERATURE (°C) 

Note: Shaded area refers to LM359J/LM359N 


1.0 

l| N +- MIRROR CURRENT (mA) 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

3 : Shaded area refers to LM359J/LM359N 
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Typical Performance Characteristics (Continued) 


Supply Current 



SET CURRENT (mA) 

Output Sink Current 



0.01 0.1 1.0 
SET CURRENT (mA) 

Amplifier to Amplifier 
Coupling (Input Referred) 



FREQUENCY (Hz) 


Application Hints 


Supply Rejection 
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Output Impedance 



FREQUENCY (Hz) 


Maximum Power Dissipation 



J : 

-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 

Note: Shaded area refers to LM359J/LM359N 


The LM159/LM359 consists of two wide bandwidth, 
decompensated current differencing (Norton) amplifiers. 
Although similar in operation to the original LM3900, 
design emphasis for these amplifiers has been placed on 
obtaining much higher frequency performance as il- 
lustrated in Figure 1. 



10 100 Ik 10k 100k 1M 10M 100M 1G 


FREQUENCY (Hz) 

FIGURE 1 


This significant improvement in frequency response is 
the result of using a common-emitter/common-base 
(cascode) gain stage which is typical in many discrete 
and integrated video and RF circuit designs. Another ver- 
satile aspect of these amplifiers is the ability to external- 
ly program many internal amplifier parameters to suit the 
requirements of a wide variety of applications in which 
this type of amplifier can be used. 

DC BIASING 

The LM359 is intended for single supply voltage opera- 
tion which requires DC biasing of the output. The current 
mirror circuitry which provides the non-inverting input for 
the amplifier also facilitates DC biasing the output. The 
basic operation of this current mirror is that the purrent 
(both AC and DC) flowing into the non-inverting ihput will 
force an equal amount of current to flow into the invert- 
ing input. The mirror gain (A|) specification is the 
measure of how closely these two currents match. For 
more details see National Application Note AN-72. 
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Application Hints (Continued) 

DC biasing of the output is accomplished by establishing 
a reference DC current into the ( + ) input, l IN ( + ), and re- 
quiring the output to provide the (-) input current. This 
forces the output DC level to be whatever value 
necessary (within the output voltage swing of the 
amplifier) to provide this DC reference current, Figure 2. 

R f 

>FB 



l b (-) is the inverting input bias current 

FIGURE 2 


The DC input voltage at each input is a transistor V BE 
(s0.6 V DC ) and must be considered for DC biasing. For 
most applications, the supply voltage, V + , is suitable and 
convenient for establishing l !N ( + ). The inverting input 
bias current, i b (-), is a direct function of the program- 
mable input stage current (see current programmability 
section) and to obtain predictable output DC biasing set 
l IN ( + )>10l b (-). 

The following figures illustrate typical biasing schemes 
for AC amplifiers using the LM359: 



H b (-) 


FIGURE 3. Biasing an Inverting AC Amplifier 



-+ib(~) 


FIGURE 4. Biasing a Non-Inverting AC Amplifier 


a V(AC) = - 



DVq 




v o(DC) = v BE(-) I 1 + ” )+lb(-) R f 

FIGURE 5. nV BE Biasing 

The nV BE biasing configuration is most useful for low 
noise applications where a reduced input impedance can 
be accommodated (see typical applications section). 

OPERATING CURRENT PROGRAMMABILITY (l SET ) 

The input bias current, slew rate, gain bandwidth product, 
output drive capability and total device power consump- 
tion of both amplifiers can be simultaneously controlled 
and optimized via the two programming pins Iset(out) and 


SET(IN)- 


'SET(OUT) 

The output set current (Iset(OUT)) ' s equal to the amount of 
current sourced from pin 1 and establishes the class A 
biasing current for the Darlington emitter follower output 
stage. Using a single resistor from pin 1 to ground, as 
shown in Figure 6, this current is equal to: 



l SET(OUT) = “ 


V + -VBE 
r set(Out) + soon 


FIGURE 6. Establishing the Output Set Current 

The output set current can be adjusted to optimize the 
amount of current the output of the amplifier can sink to 
drive load capacitance and for loads connected to V + . 
The maximum output sinking current is approximately 10 
times Iset(out)‘ This set current is best used to reduce the 
total device supply current if the amplifiers are not re- 
quired to drive small load impedances. 

•seton) 

The input set current Iset(IN) is equal to the current flow- 
ing into pin 8. A resistor from pin 8 to V + sets this cur- 
rent to be: 



*SET(IN) = _ 


-Vbe 


r set(IN) + soon 


FIGURE 7. Establishing the Input Set Current 
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Application Hints (Continued) 

•set(IN) is most significant in controlling the AC 
characteristics of the LM359 as it directly sets the total 
input stage current of the amplifiers which determines 
the maximum slew rate, the frequency of the open loop 
dominant pole, the input resistance of the ( - ) input and 
the biasing current l b (-). All of these parameters are 
significant in wide band amplifier design. The input 
stage current is approximately 3 times Iset(in) and b Y us- 
ing this relationship the following first order approxima- 
tions for these AC parameters are: 


3I SET(IN)( 10 6 ) 

Sr(MAX) = max slew rate= (V/p< s) 

^comp 

frequency of ^ 3lsET(IN) 

dominant Dole - _ 

P 2nC comp AvoL (0.026 V) 

150 (0.026 V) 

input resistance = 0res (12) 

3, SET(IN) 

where C comp is the total capacitance from the compen- 
sation pin (pin 3 or pin 13) to ground, A V0L is the low fre- 
quency open loop' voltage gain in V/V and an ambient 
temperature of 25 °C is assumed (KT/q = 26 mV and 
/?typ = 150). Iset(IN) also controls the DC input bias cur- 
rent by the expression: 

3 Iset Iset 

l b (-) = s for NPN ft =150 

ft 50 

which is important for DC biasing considerations. 

The total device supply current (for both amplifiers) is 
also a direct function of the set currents and can be ap- 
proximated by: 


•supply- 27 X ISET(OUT) + 1 1 X IsET(IN) 


with each set current programmed by individual 
resistors. 

PROGRAMMING WITH A SINGLE RESISTOR 

Operating current programming may also be ac- 
complished using only one resistor by letting Iset(IN) 
equal lsET(OUT)- The programming current is now referred 
to as l SET and it is created by connecting a resistor from 
pin 1 to pin 8 (Figure 8). 

V + -2V BE 

l SET = where V BE =0.6V 

Rset + 1 k!2 



l SET(IN) = l SET(OUT) = ISET 

FIGURE 8. Single Resistor Programming of l SET 


This configuration does not affect any of the internal 
set current dependent parameters differently than 
previously discussed except the total supply current 
which is now equal to: 

•supply- 37 X IsET 

Care must be taken when using resistors to program the 
set current to prevent significantly increasing the sup- 
ply voltage above the value used to determine the set 
current. This would cause an increase in total supply 
current due to the resulting increase in set current and 
the maximum device power dissipation could be ex- 
ceeded. The set resistor value(s) should be adjusted for 
the new supply voltage. 

One method to avoid this is to use an adjustable current 
source which has voltage compliance to generate the 
set current as shown in Figure 9. 



67.7 mV 


r set 


@25°C 


FIGURE 9. Current Source Programming of l SET 


This circuit allows l SET to remain constant over the en- 
tire supply voltage range of the LM359 which also im- 
proves power supply ripple rejection as illustrated in the 
Typical Performance Characteristics. It should be noted, 
however, that the current through the LM334 as shown 
will change linearly with temperature but this can be 
compensated for (see LM334 data sheet). 

Pin 1 must never be shorted to ground or pin 8 never 
shorted to V + without limiting the current to 2 mA or 
less to prevent catastrophic device failure. 


CONSIDERATIONS FOR HIGH FREQUENCY 
OPERATION 

The LM359 is intended for use in relatively high frequen- 
cy applications and many factors external to the 
amplifier itself must be considered. Minimization of 
stray capacitances and their effect on circuit operation 
are the primary requirements. The following list con- 
tains some general guidelines to help accomplish this 
end: 

1. Keep the leads of all external components as short 
as possible. 

2. Place components conducting signal current from 
the output of an amplifier away from that amplifier’s 
non-inverting input. 

3. Use reasonably low value resistances for gain set- 
ting and biasing. 

4. Use of a ground plane is helpful in providing a 
shielding effect between the inputs and from input to 
output. Avoid using vector boards. 

5. Use a single-point ground and single-point supply 
distribution to minimize crosstalk. Always connect 
the two grounds (one from each amplifier) together. 
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Application Hints (Continued) 

6. Avoid use of long wires (> 2”) but if necessary, use 
shielded wire. 

7. Bypass the supply close to the device with a low in- 
ductance, low value capacitor (typically a .01 \xF 
ceramic) to create a good high frequency ground. If 
long supply leads are unavoidable, a small resistor 
(~10fi) in series with the bypass capacitor may be 
needed and using shielded wire for the supply leads 
is also recommended. 


COMPENSATION 

The LM359 is internally compensated for stability with 
closed loop inverting gains of 10 or more. For an invert- 
ing gain of less than 10 and all non-inverting amplifiers 
(the amplifier always has 100% negative current feed- 
back regardless of the gain in the non-inverting con- 
figuration) some external frequency compensation is re- 
quired because the stray capacitance to ground from 
the (-) input and the feedback resistor add additional 
lagging phase within the feedback loop. The value of the 
input capacitance will typically be in the range of 6 pF 
to 10 pF for a reasonably constructed circuit board. 
When using a feedback resistance of 30 kfi or less, the 
best method of compensation, without sacrificing slew 
rate, is to add a lead capacitor in parallel with the feed- 
back resistor with a value on the order of 1 pF to 5 pF as 
shown in Figure 10. 


c f 



Another method of compensation is to increase the ef- 
fective value of the internal compensation capacitor by 
adding capacitance from the COMP pin of an amplifier 
to ground. An external 20 pF capacitor will generally 
compensate for all gain settings but will also reduce the 
gain bandwidth product and the slew rate. These same 
results can also be obtained by reducing Iset(in) if the 
full capabilities of the amplifier are not required. This 
method is termed over-compensation. 

Another area of concern from a stability standpoint is 
that of capacitive loading. The amplifier will generally 
drive capacitive loads up to 100 pF without oscillation 
problems. Any larger C loads can be isolated from the 
output as shown in Figure 11. Over-compensation of the 
amplifier can also be used if the corresponding reduc- 
tion of the GBW product can be afforded. 


Rf 



FIGURE 11. Isolating Large Capacitive Loads 


In most applications using the LM359, the input signal 
will be AC coupled so as not to affect the DC biasing of 
the amplifier. This gives rise to another subtlety of high 
frequency circuits which is the effective series induc- 
tance (ESL) of the coupling capacitor which creates an 
increase in the impedance of the capacitor at high fre- 
quencies and can cause an unexpected gain reduction. 
Low ESL capacitors like solid tantalum for large values 
of C and ceramic for smaller values are recommended. 
A parallel combination of the two types is even better 
for gain accuracy over a wide frequency range. 

AMPLIFIER DESIGN EXAMPLES 

The ability of the LM359 to provide gain at frequencies 
higher than most monolithic amplifiers can provide 
makes it most useful as a basic broadband amplifica- 
tion stage. The design of standard inverting and non- 
inverting amplifiers, though different than standard op 
amp design due to the current differencing inputs, also 
entail subtle design differences between the two types 
of amplifiers. These differences will be best illustrated 
by design examples. For these examples a practical 
video amplifier with a passband of 8 Hz to 10 MHz and a 
gain of 20 dB will be used. It will be assumed that the in- 
put will come from a 7512 source and proper signal ter- 
mination will be considered. The supply voltage is 12 
V DC and single resistor programming of the operating 
current, l SET , will be used for simplicity. 


AN INVERTING VIDEO AMPLIFIER 

1. Basic circuit configuration: 

Rf 



2. Determine the required I S et from the characteristic 
curves for gain bandwidth product, 

GBW min = 10x10 MHz = 100 MHz 

For a flat response to 10 MHz a closed loop response 
to two octaves above 10 MHz (40 MHz) will be suffi- 
cient. 
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Application Hints (Continued) 

Actual GBW = 10, x 40 MHz = 400 MHz 
I S et required = 0.5 mA 


V + — 2V be 10.8 V 

r set = -1 kfl = -1 kfi = 20.6kfi 

Iset 0.5 mA 

3. Determine maximum value for R f to provide stable 
DC biasing 

i snn 3Iset 100 mA minimum DC 
■f(M IN) ' x “ feedback current 

Optimum output DC level for maximum symmetrical 
swing without clipping is: 

V o(MAX)~ V o(MIN) 

V oDC(opt) = + V o(M I N) 

2 

(V+ — 3V be ) — 2 mV 


2 


12- 1.8V 10.2V 

V oDC(opt)“ = = 5 -1 V DC 

2 2 

R f(MAX ) can now be found: 

V oDC(opt) -V BE <-) 5.1V - 0.6 
R f(MAX) = = = 45 kfl 

If(MIN) lOOpA 

This value should not be exceeded for predictable 
DC biasing. 

4. Select R s to be large enough so as not to appreciably 
load the input termination resistance: 

R s ^750n Let R s = 750fi 

5. Select R f for appropriate gain: 

R f 

A v = - — so; R f = 10R S = 7.5 kfl 


7.5 kfi is less than the calculated R f(MAX) s0 DC 
predictability is insured. 

6. Since R f = 7.5k, for the output to be biased to 5.1 V DC , 
the reference current l| N ( + ) must be: 

5.1V -V BE (-) 5.1V-.6V 

l,N< + ) = - = = 600 M A 

R f 7.5 kfi 

Now R b can be found by: 

V + -V BE ( + ) 12-0.6 

R b = = = 19 kfi 

l|N< + ) 600 ^A 

7. Select Cj to provide the proper gain for the 8 Hz 
minimum input frequency: 

1 1 

= — = 26 pF 

2rr Rg (f,ow) 2n (750S2) (8 Hz) 


A larger value of Cj will allow a flat frequency 
response down to 8 Hz and a 0.01 pF ceramic 
capacitor in parallel with Cj will maintain high fre- 
quency gain accuracy. 

8. Test for peaking of the frequency response and add a 
feedback “lead” capacitor to compensate if 
necessary. 

Final Circuit Using Standard 5% 

Tolerance Resistor Values: 


0.5 P F 




1 M 10M 100M 

FREQUENCY (Hz) 

V 0 (DC) = 5-1V 

Differential phase error<1 0 for 3.58 MHz f(N 
Differential gain error<0.5% for 3.58 MHz f|fg 
f _3 dB low = 2.5 Hz 


A NON-INVERTING VIDEO AMPLIFIER 

For this case several design considerations must be 

dealt with. 

• The 1 output voltage (AC and DC) is strictly a function 
of the size of the feedback resistor and the sum of AC 
and DC “mirror current” flowing into the ( + ) input. 

• The amplifier always has 100% current feedback 
so external compensation is required. Add a small 
(1 pF-5 pF) feedback capacitance to leave the 
amplifier’s open loop response and slew rate 
unaffected. 

• To prevent saturating the mirror stage the total AC 
and DC current flowing into the amplifier’s ( + ) input 
should be less than 2 mA. 

• The output’s maximum negative swing is one diode 
above ground due to the V BE diode clamp at the (-) 
input. 
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Application Hints (Continued) 

DESIGN EXAMPLE: 

e, N = 50 mV (MAX), f, N = 10 MHz (MAX), desired circuit 
BW = 20 MHz, A v = 20 dB, driving source impe- 
dance = 7512, V + =12V. 

"\. Basic circuit configuration: 


6. The optimum output DC level for symmetrical AC 
swing is: 

V o(MAX)~ V o(MIN) 

V oDC(opt) = + V o(MIN) 

2 


Cf 



2. Select l SET to provide adequate amplifier bandwidth 
so that the closed loop bandwidth will be deter- 
mined by R f and C f .To do this, the set current should 
program an amplifier open loop gain of at least 20 
dB at the desired closed loop bandwidth of the cir- 
cuit. For this example, an l SET of 0.5 mA will provide 
26 dB of open loop gain at 20 MHz which will be suf- 
ficient. Using single resistor programming for l SET : 

V + - 2V be 

Rg ET = 1 - ■ — 1 k!2 = 20.6 K12 

•set 

3. Since the closed loop bandwidth will be determined 


by R f and C f (f_ 3 dB = Jto obtain a 20 MHz 

\ 2n R f Cf/ 

bandwidth, both R f and C f should be kept small. It 
can be assumed that C f can be in the range of 1 pF 
to 5 pF for carefully constructed circuit boards to in- 
sure stability and allow a flat frequency response. 
This will limit the value of R f to be within the range 
of: 

1 1 
<Rf<- 

2n 5 pF 20 MHz 2n 1 pF 20 MHz 


(12-1.8)V-0.6V 

= + 0.6V = 5.4V dc 

2 

7. The DC feedback current must be: 


V oDC{opt) -V BE (-) 5.4V -0.6V 

*FB = 

R f 7.5k 

= 640 m A = I, n ( + ) 

DC biasing predictability will be insured because 
640 iuA is greater than the minimum of l SET /5 or 

100 fxA. 

For gain accuracy the total AC and DC mirror cur- 
rent should be less than 2 mA. For this example the 
maximum AC mirror current will be; 

± e in peak ±50 mV 

= = ± 66 iuA 

R s + r e 75012 

therefore the total mirror current range will be 574 
^A to 706 n A which will insure gain accuracy. 

8. R b can now be found: 

V+-V BE ( + ) 12-0.6 

R b = = = 17.8 k!2 

l tN ( + ). '640 pA 

9. Since R s + r e will be 75012 and r e is fixed by the DC 
mirror current to be: 

KT 26 mV 

r e = — = =4012 at 25 °C , 

d >in( + ) 640 /^A 

R s must be 75012-4012 or 71012 which can be a 68012 
resistor in series with a 3012 resistor which are 
standard 5% tolerance resistor values. 

10. As a final design step, Cj must be selected to pass 
the lower passband frequency corner of 8 Hz for 
this example. 


or 1.6 k!2<Rf<7.96 k!2 

Also, for a closed loop gain of +10, R f must be 10 
times R s + r e where r e is the mirror diode resistance. 

4. So as not to appreciably load the 7512 input termina- 
tion resistance the value of (R s + r e ) is set to 75012. 

5. For A v = 10; R f is set to 7.5 k!2. 


1 1 

Cj= = — = 26.5 

2n (R s + r e ) f, ow 2n (75012) (8 Hz) 


A larger value may be used and a 0.01 n F ceramic 
capacitor in parallel with Cj will maintain high fre- 
quency gain accuracy. 
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Application Hints (Continued) 


Final Circuit Using Standard 5% Tolerance Resistor Values: Circuit Performance: 


IpF 



1ZV 



1M 10M 100M 

FREQUENCY (Hz) 

V 0(DC) = 5 - 4V 

Differential phase error <0.5° 
Differential gain error <2% 
f -3 dB low = 2.5 Hz 


GENERAL PRECAUTIONS 

The LM359 is designed primarily for single supply 
operation but split supplies may be used if the negative 
supply voltage is well regulated as the amplifiers have 
no negative supply rejection. 

The total device power dissipation must always be Kept 
in mind when selecting an operating supply voltage, the 
programming current, l SET , and the load resistance, par- 
ticularly, when DC coupling the output to a succeeding 
stage. To prevent damaging the current mirror input 
diode, the mirror current should always be limited to 10 


mA, or less, which is important if the input is suscepti- 
ble to high voltage transients. The voltage at any of the 
inputs must not be forced more negative than -0.7V 
without limiting the current to 10 mA. 

The supply voltage must never be reversed to the 
device; however, plugging the device into a socket 
backwards would then connect the positive supply 
voltage to the pin that has no internal connection (pin 5) 
which may prevent inadvertent device failure! 


Typical Applications 

DC Coupled Inputs 

Inverting Non-Inverting 


Rf 



a V(AC)= - — 
R s 



v o(DC) = v BE(-) + 


(VlN(DC)-V B E( + )) R f 
R s 


R f 

a V(AC) = + 

R s + r e( + ) 


• Eliminates the need for an input coupling capacitor 

• input DC level must be stable and can exceed the supply voltage of 
the LM359 provided that maximum input currents are not exceeded. 
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Application Hints (Continued) 


Noise Reduction using nV BE Biasing 


Typical Input Referred Noise Performance 



•SET(IN) = 05 mA 


*SET(IN) = 0 05 mA 


nV BE Biasing with a Negative Supply 


Adding a JFET Input Stage 













Typical Applications (Continued) 

Balanced Line Driver 

v + 



For V 0 1 = V 0 2 = 

2 


R3 V + -2* R6 V+-2* 

= , — = where 0.6V 

R2 2(V + -*) , R5 + 



• 1 MHz— 3 dB bandwidth with gain of 10 and 0 dbm into 6000 

• 0.3% distortion at full bandwidth; reduced to 0.05% with bandwidth of 10 kHz 

• Will drive Cl = 1500 pF with no additional compensation, ±0.01 piF with C comp = 180 pF 

• 70 dB signal to noise ratio at 0 dbm into 6000, 10 kHz bandwidth 


Difference Amplifier 



v o(DC) = — (V + - +) where + = 0.6V 
R3 

R4 

A v = — for R1 = R2 
,R1 

*CMRR is adjusted for max at expected CM input signal 
R5 

R6~ — , for R5 = 100 kfl 
5 

• Wide bandwidth 

• 70 dB CMRR typ 

• Wide CM input voltage range 


Voltage Controlled Oscillator 

c 


20 pF 



*0 = 

4CAV R1 

where: R2 = 2R1 

= amplifier input voltage = 0.6V 
A V = DM7414 hysteresis, typ IV 

• 5 MHz operation 

• T 2 L ouput 
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Typical Applications (Continued) 



RECOVERED 

INFORMATION 




Squarewave 



Output is TTL compatil 
Frequency is adjusted 





Typical Applications 


High Performance 2 Amplifier Biquad Filter(s) 


L’"'x 


j 4 - - 56 pF 

i- -L C: 


1/2 LM359 ^-— < 
9 

-r’“ pF 

► Rk —r -J- 


The high speed of the LM359 allows the center frequency Q 0 product of the filter to 
be : f 0 x Q 0 <5 MHz 

The above filter(s) maintains performance over wide temperature range 

One half of LM359 acts as a true non-inverting integrator so only 2 amplifiers (instead 

of 3 or 4) are needed for the biquad filter structure 


DC BIASING EQUATIONS FOR V 0 i< D C) 3V 02(DC)-V + /2 

2 V IN(DC) 1 1 2 

.I + - + — = — ; R1=2R 

V + (R i2 ) R Rq R b 

1 1 2 

Ml ' - + — = — ; R1 =2R 

R Rq Rb 

112 1 V IN(DC) 1 

Mil ; — = + — 

R Rq R b R1 V + (R m ) 2R 


ANALYSIS AND DESIGN EQUATIONS 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM192/LM292/LM392, LM2924 Low Power Operational 
Amplifier/Voltage Comparator 


General Description 

The LM192 series consists of 2 independent building 
block circuits. One is a high gain, internally frequency 
compensated operational amplifier, and the other is a 
precision voltage comparator. Both the operational 
amplifier and the voltage comparator have been specifi- 
cally designed to operate from a single power supply 
over a wide range of voltages. Both circuits have input 
stages which will common-mode input down to ground 
when operating from a single power supply. Operation 
from split power supplies is also possible and the low 
power supply current is independent of the magnitude 
of the supply voltage. 

Application areas include transducer amplifier with 
pulse shaper, DC gain block with level detector, VCO, 
as well as all conventional operational amplifier or 
voltage comparator circuits. Both circuits can be operated 
directly from the standard 5 Vdc power supply voltage 
used in digital systems, and the output of the compar- 
ator will interface directly with either TTL or CMOS 
logic. In addition, the low power drain makes the LM192 
extremely useful in the design of portable equipment. 

Advantages 

■ Eliminates need for dual power supplies 

■ An internally compensated op amp and a precision 
comparator in the same package 

■ Allows sensing at or near ground 

■ Power drain suitable for battery operation 

■ Pin-out is the same as both the LM158 dual op amp 
and the LM193 dual comparator 


Features 

■ Wide power supply voltage range 

Single supply 3 V to 32V 

Dual supply ±1-.5Vto±16V 

■ Low supply current drain— essentially independent of 

supply voltage 600 pA 

■ Low input biasing current 50 nA 

■ Low input offset voltage 2 mV 

■ Low input offset current 5 nA 

■ Input common-mode voltage range includes ground 

■ Differential input voltage range equal to the power 
supply voltage 

ADDITIONAL OP AMP FEATURES 

■ Internally frequency compensated for unity gain 

■ Large DC voltage gain 100 dB 

■ Wide bandwidth (unity gain) 1 MHz 

■ Large output voltage swing 0V to V + — 1.5V 

ADDITIONAL COMPARATOR FEATURES 

■ Low output saturation voltage 250 mV at 4 mA 

■ Output voltage compatible with all types of logic 
systems 


Connection Diagrams (Top Views) 

(Amplifier A = Comparator) 

(Amplifier B = Operational Amplifier) 

Metal Can Package Dual- In- Line Package 



Order Number LM192H, LM292H or LM392H 
See NS Package H08C 


Order Number LM192J, LM292J, LM392J or LM2924J 
See NS Package J08A 

Order Number LM392N or LM2924N 
See NS Package N08B 
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LM192/LM292/LM392, LM2924 


Absolute Maximum Ratings 



LM192/LM292/LM392 

LM2924 

Supply Voltage, V + 

32V or ± 16V 

26V or ±13V 

Differential Input Voltage 

32V 

26V 

Input Voltage 

-0.3V to +32 V 

-0.3V to +26V 

Power Dissipation (Note 1} 



Molded DIP (LM392N, LM2924N) 

570 mW 

570 mW 

Metal Can (LM192H/LM292H/LM392H) 

830 mW 


Output Short-Circuit to Ground (Note 2) 

Continuous 

Continuous 

Input Current ( V|jvj <-0.3 Vqc) (Note 3}, 

50 mA 

50 mA 

Operating Temperature Range 



LM392 

0°C to +70°C 

-40°C to +85° C 

LM292 

-25° C to +85° C 


LM192 

-55°C to +125°C 


Storage Temperature Range 

. -65°C to +150°C 

-65° C to +150°C 

Lead Temperature (Spidering, 10 seconds) 

300° C 

300° C 


Electrical Characteristics (V + = 5 Vqc: specifications apply to both amplifiers unless otherwise stated) (Note 4) 




1 LM192 j 

LM292/LM392 | 

LM2924 | 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

T A = 25°C, (Note 5) 


±2 

±5 


±2 

±5 


±2 

±7 

mV 

Input Bias Current 

IN(+) orlN(-),T A .= 25°C, 
(Note 6) 


50 

150 


50 

250 


50 

250 

nA 

Input Offset Current 

IN(+) - IN(-),T A = 25°C 


±3 

±25 


±5 

+50 


±5 

±50 

nA 

Input Common-Mode Voltage 

V + = 30 VdC- T A = 25° C, 

0 


V+-1.5 

0 


V + -1 .5 

0 


V + -1.5 

V 

Range 

(Note 7) 











Supply Current 

r l = o° > v CC = 30V, , 

(LM2924, V C C = 26V) 


1 • 

2 - 


1 

2 


1 

2 

mA 

Supply Current 

Rl = V C C = 5V 


0.5 ! 

1 


0.5 

1 


0.5 

1 

mA 

Amplifier-to-Amplifier Coupling 

f = 1 kHz to 20 kHz, 

T A = 25°C, Input Referred, 
(Note 8), 


-100 



-100 



-100 


dB 

Input Offset Voltage 

(Note 5) . 



±7 



±7 



±10 

mV 

Input Bias Current 

IN(+) or IN(-) 



300 



400 



500 

nA 

Input Offset Current 

IN(+) — IN(— ) 



100 



150 



200 

nA 

Input Common-Mode Voltage 
Range 

V + = 30 Vdc. (Note 7) 

0 


V + - 2 

0 


V+-2 

0 


< 

+ 

l 

to 

V 

Differential Input Voltage 

Keep All Vin’s > 0 Vqc 
( or V“, if Used), (Note 9) 



V + 



V + 



v + | 

■ 

i 

V 


OP AMP ONLY 


Large Signal Voltage Gain 

V + = 15 V DC (For Large 

V Q Swing), Rl = 2 k£2, 

T A = 25° C 

50 

100 

25 

100 


100 , 

V/mV 

Output Voltage Swing 

R L = 2 k£2, T A = 25°C, 
(LM2924, R L > 10 M2) 

0 

V + -1 .5 

0 • 

ip 

> 

0 

V + -1.5 

V 

Common-Mode Rejection Ratio 

DC, T a = 25° C 

70 

85 

65 

70 

50 

70 

dB 

Power Supply Rejection Ratio 

DC, T A = 25°C 

65 

100 

65 

100 

50 

100 

dB 

Output Current Source 

V|N(+) = 1 V DC , 

V | N( — ) = 0 V DC , 

V+= 15 Vqc. 

T a = 25°C 

20 

40 

20 

40 

20 

40 

mA 

Output Current Sink 

V|N(— ) = 1 Vqc. 

V|N(+) = 0V D c, 

V + = 15 Vqc* 

V 0 >1 V DC , 

T A = 25° C 

10 

20 

10 

20 

10 

20 

mA 


V | N{ — ) = 1 Vqc. 

V|N(+) = 0Vdc. 

V+= 15 Vqc. Vo = 200 mV, 
T A = 25° C 

12 

50 

12 

50 

12 

50 

pA 
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Electrical Characteristics (Continued) 



COMPARATOR ONLY 



Note 1: For operating at temperatures above 25°C, the LM392N and the LM2924N must be derated based on a 125°C maximum junction tem- 
perature and a thermal resistance of 175°C/W which applies for the device soldered in a printed circuit board, operating in still air ambient. The 
LM192H/LM292H/LM392H must be derated based on a 150°C maximum junction temperature and a thermal resistance of 1 50° C/W. The dissi- 
pation is the total of both amplifiers— use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is 
dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 
40 mA for the op amp and 30 mA for the comparator independent of the magnitude of V + . At values of supply voltage in excess of 15V, contin- 
uous short circuits can exceed the power dissipation ratings and cause eventual destruction. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of 
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral 
NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the amplifiers to go to the V + voltage level (or 
to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will 
re-establish when the input voltage, which was negative, again returns to a value greater than —0.3V. 

Note 4: These specifications apply for V + = 5V and -55°C < T/\ < +125°C, unless otherwise stated. For the LM292, all temperature specifica- 
tions are limited to -25°C < T/\ < +85°C, the LM392 temperature specifications are limited to 0°C < Ta < +70°C and the LM2924 temperature 
specifications are limited to — 40°C <T/\< +85° C. 

Note 5: At output switch point, Vq = 1.4V, Rg = 0S7 with V + from 5V to 30V; and over the full input common-mode range (0V to V + — 1.5V). 
Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the 
state of the output so no loading change exists on the input lines. 

Note 7: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of 
the common-mode voltage range is V + — 1 .5V, but either or both inputs can go to 32V without damage (26V for LM2924). 

Note 8: Due to proximity of external components, insure that coupling is not originating via the stray capacitance between these external parts. 
This typically can be detected as this type of capacitive increases at higher frequencies. 

Note 9: Positive excursions of input voltage may exceed the power supply level. As long as the other input voltage remains within the common- 
mode range, the comparator will provide a proper output state. The input voltage to the op amp should not exceed the power supply level. The 
input voltage state must not be less than —0.3V (or 0.3V below the magnitude of the negative power supply, if used) on either amplifier. 

Note 10 : The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained. 

Note 11 : For input signals that exceed Vqq, only the overdrive amplifier, is affected. With a 5V supply, V|n should be limited to 25V max, and a 
limiting resistor should be used on all inputs that might exceed the positive supply. 
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LM192/LM292/LM392, LM2924 


Schematic Diagram 


v + 



Application Hints 

Please refer to the application hints section of the LM193 and the LM158 data sheets. 
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Operational Amplifiers/ Buffers 


LM216/LM316, LM216A/LM316A Operational Amplifiers 

General Description 


These devices are precision, high input impedance 
operational amplifiers designed for applications 
requiring extremely low input-current errors. They 
use supergain transistors in a Darlington input 
stage to get input bias currents that are equal to 
high-quality FET amplifiers— even in limited tem- 
perature range operation. The low input current is, 
however, obtained with some sacrifice to offset 
voltage, offset voltage drift and noise when com- 
pared to the non-Darlington LM112 series. Note- 
worthy specifications include: 

■ Guaranteed bias currents as low as 50 pA 

■ Maximum offset .currents down to 15 pA 

■ Operates from supplies of ±3V to ±20V 

■ Supply current only 300 mA at ±20V 

These operational amplifiers are internally fre- 
quency compensated and have provisions for offset 
balancing with a single external potentiometer. 


Schematic Diagram** 


Further, unlike most other internally compensated 
amplifiers, the MOS compensation capacitor is 
protected to prevent catastrophic failure from 
overvoltage spikes on the supplies. 

The low current error of these amplifiers make 
possible many designs that were previously im- 
practical with monolithic amplifiers. They will 
operate from 100 M12 source resistances, intro- 
ducing less error than general purpose amplifiers 
with 10k£2 sources. Integrators with worst case 
drifts less than lOpiV/sec and analog time delays in 
excess of one day can also be made using capa- 
citors no larger than 1 juF. 

The LM216A and LM316A,are high performance 
versions of the LM216 and LM316. The LM216 
and LM216A are specified for operation from 
-25° C to 85° C, while the LM316 and LM316A 
are specified from 0°C to 55° C. 


Auxiliary Circuits ’ 



Order Number LM216H or 
LM216AH or LM316H or 
LM316AH 

See NS Package h68C 


Order Number LM216D 
or LM216AD or LM316D 
or LM316AD 
See NS Package D14E 
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LM216/LM316, LM216A/LM316A 


Absolute Maximum Ratings 

Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Current (Note 2) 

Input Voltage (Note 3) 

Output Short-Circuit Duration 
Operating Temperature Range LM216/LM216A 
LM316/LM316A 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±20V 
500 mW 
±10 mA 
±15V 
Indefinite 
-25°C to 85° C 
0°C to 70° C 
-65°C to 1 50° C 
300°C 


Electrical Characteristics (Note 4) 


PARAMETER 

CONDITIONS 

LM216A 

LM216 

LM316A 


UNITS 

Input Offset Voltage 

T a = 25°C, Max 

3 

10 

3 

10 

mV 

Input Offset Current 

T a = 25°C, Max 

15 

50 

15 

50 

PA 

Input Bias Current 

T a = 25°C, Max 

50 

150 

50 

150 

PA 

Input Resistance 

T a = 25°C, Min 

5 

1 

5 

1 

GO 

Supply Current 

T a = 25°C, Max 

0.6 

0.8 

0.6 

0.8 

mA 

Large Signal Voltage Gain 

T A = 25°C, V s = ±15V, 

Vqut =±10V, R l > lOkft, 
Min 

40 

20 

40 

20 

V/mV 

Input Offset Voltage 

Max 

6 

15 

6 

15 

mV 

Input Offset Current 

Max 

30 

100 

30 


PA 

Input Bias Current 

Max 

100 

250 


250 

PA 

Supply Current 

T A =T M AX f Max 

0.5 


0.5 


mA 

Large Signal Voltage Gain 

V s = ±15V, V OUT “ ±10V, 

R l > 10 kft, Min 

20 

10 

30 

15 

V/mV 

Output Voltage Swing 

V s = ±15V, R l = 10 kO, 

Min 

±13 

±13 

±13 

±13 

V 

Input Voltage Range 

V S =±15V, Min 

±13 

±13 

±13 

±13 

V 

Common-Mode Rejection Ratio 

Min 

80 

80 

80 

80 

dB 

Supply Voltage Rejection Ratio 

Min 

80 . 

80 

80 

80 

dB 


Note 1: The maximum junction temperature of the LM216 and LM216Ais 100°C, while that of the 
LM316 and LM316A is 70°C. For operating at elevated temperatures, devices in the TO-5 package 
must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction 
to case. For the flat package, the derating is based on a thermal resistance of 185°C/W when mounted 
on a 1/1 6-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The 
thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < Vg <±20V and -25°C <T A <85°C, unless otherwise 
specified. With the LM316 and LM316A however, all temperature specifications are limited to 0°C< 
T a < 55°C. ~ 
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INPUT NOISE (nVA/Hz) 

VOLTAGE GAIN (dB) VOLTAGE GAIN (dB) S INPUT CURRENT (pA) 


Typical Performance Characteristics 


Input Currents 
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LM709/LM709A/LM709C 



National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM709/LM709A/LM709C Operational Amplifier 


General Description 

The LM709 series /are a monolithic operational 
amplifier intended for general-purpose applications. 
Operation is completely specified over the range of 
voltages commonly used for these devices. The 
design, in addition to providing high gain, mini- 
mizes both offset voltage and bias currents. Further, 
the class-B output stage gives a large output 
capability with minimum power drain. 

External components are used to frequency com- 
pensate the amplifier. Although the unity-gain 
compensation network specified will make the 
amplifier unconditionally stable in all feedback 


configurations, compensation can be tailored to 
optimize high-frequency performance for any gain 
setting. 1 

The fact that the amplifier is built on a single 
silicon chip provides low offset and temperature 
drift at minimum cost. It also ensures negligible 
drift due to temperature gradients in the vicinity 
of the amplifier. 

The LM709C is commercial-industrial version of 
the LM709. It is identical to the LM709/LM709A 
except that it is specified for operation from 0°C 
to +70°C. 


Schematic Diagram** 


Typical Applications** 


Unity Gain Inverting Amplifier 



Connection Diagrams 


Metal Can Package 


Dual-ln-Line Package 


Dual-In-Line Package 



Order Number LM709H or LM709CH 
See NS Package H08C 


Order Number LM709CN 
See NS Package N14A 


Order Number LM709CN-8 
See NS Package N08A 
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Absolute Maximum Ratings 


Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage 
Input Voltage 

Output Short-Circuit Duration (Ta = 25°C) 

Storage Temperature Range 

Operating Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


LM709/LM709A 

LM709C 

±18V 

±18V 

300 mW 

250 mW 

±5V 

±5V 

±10V 

±10V 

5 seconds 

5 seconds 

TmIN TmaX 

TMIN TmaX 

— 65°C to +150°C 

-65°C to +150°C 

-55°C to +125°C 

0°C to +70°C 

300°C 

300° C 


Electrical Characteristics (Note 21 


PARAMETER 

CONDITIONS 

MIN 

LM709A 

TYP 

MAX 

MIN 

LM709 

TYP 

MAX 

MIN 

LM709C 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C, Rs< 10k£2 


0.6 

2.0 


1.0 

5.0 


2.0 

7.5 

mV 

Input Bias Current 

Ta = 25°C 


100 



200 

500 


300 

1500 

nA 

Input Offset Current 

T A = 25°C 


10 

50 


50 

200 


100 

500 

nA 

Input Resistance 

Ta = 25°C 

350 

700 


150 

400 


50 

250 


kft 

Output Resistance 

Ta = 25°C 

| 150 

! 150 

150 

SI 

Supply Current 

Ta = 25°C. Vs = ±15V 


2.5 

3.6 


2.6 

5.5 


2.6 

6.6 

mA 

Transient Response 

V| N = 20 mV, C L < 100 pF 




■ 







Risetime 

Ta = 25°C 



1.5 





0.3 

1.0 

/us 

Overshoot 




30 





10 

30 

% 

Slew Rate 

Ta = 25°C 

0.25 

0.25 

0.25 

V//us 

Input Offset Voltage 

RS< 10 kO 

3.0 

6.0 

10 

mV 

Average Temperature Coefficient 
of Input Offset Voltage 

R s = B0S2 T A = 25 ”C.oT MA X 

Ta = 25 CtoTMlN 


1.8 

1.8 

10 

10 


m 

■ 


6.0 

12 


pV/°C 

MV/°C 


R S = lOkfi T A = 25”CtoT MA X 
Ta = 25 C to TMIN 


2.0 

4.8 

15 

25 

■ 


■ 





Large Signal Voltage Gain 

Vs = ±15V, R|_>2kft 
v OUT = ±iov 

25 


70 

■ 


■ 

15 

45 


V/mV 

Output Voltage Swing 

Vs = ±15V, Rl= 10 kfi 

±12 

±14 


MEm 


■ 

mn 


H 

V 


V S = ±15V. R L =2kft 

±10 

±13 



E9 

■ 



■ 

V 

Input Voltage Range 

Vs = ±15V 

| ±8.0 | 


±10.0 


±8.0 

±10 


V 

Common-Mode Rejection Ratio 

RS< 10kJ2 

80 

110 



90 


65 

90 


dB 

Supply Voltage Rejection Ratio 

RS< 10kfi 


40 

100 



m 


25 

200 

pV/V 

Input Offset Current 

t a = t M ax 

H 



mm 

20 

200 


75 

Eil 

nA 


ta = Tmin 

1 

■9 


i 


500 


125 


nA 

Input Bias Current 

ta = Tmin 


0.3 

0.6 


0.5 

1.5 


0.36 

2.0 

MA 

Input Resistance 

Ta = TmIN 

85 

170 


40 

100 


50 

250 


kfi 


Note 1 : For operating at elevated temperatures, the device must be derated based on a 1 50° C maximum junction temperature for LM709/LM709A 
and 100°C maximum for LM709C and a thermal resistance of 150°C/W junction to ambient or 45°C/W, junction to case for the metal can package. 
For the flat package, the derating is based on a thermal resistance of 185° C/W when mounted on a 1/16-inch-thick, epoxy glass board with ten, 
0.03-inch-thick, 2-ounce copper conductors (see curve). 

Note 2: These specifications apply for -55°C < Ta < +125°C for LM709/LM709A and 0°C < Ta < +70° C for LM709C with the following 
conditions: ±9V<V S <±15V, Cl = 5000 pF, R1 = 1 .5k, C2 = 200 pF and R2 = 5in. 
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LM709/LM709A/LM709C 


























LM709/LM709A/LM709C 


Typical Applications (Continued) 


Voltage Follower 


Offset Balancing Circuit 



Guaranteed Performance Characteristics 



Output Voltage Swing 



9 10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 


Input Common-Mode 
Voltage Range 



9 10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 


Maximum Power 
Dissipation 



25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 


Voltage Gain 



9 10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 



Supply Current 



9 10 11 12 13 14 15 

SUPPLY VOLTAGE (±V> 
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LM725/LM725A/LM725C 



National Operational Amplifiers/ Buffers 

Semiconductor 


LM725/LM725A/LM725C (Instrumentation) Operational 
Amplifier 


General Description 


Features 


The LM725/LM725A/LM725C are operational am- 
plifiers featuring superior performance in applica- 
tions where low noise, low drift, and accurate 
closed-loop gain are required. With high common 
mode rejection and offset null capability, it is 
especially suited for low level instrumentation 
applications over a wide supply voltage range. 


■ High open loop gain 

■ Low input voltage drift 

■ High common mode rejection 

■ Low input noise current 

■ Low input offset current 


3.000,000 
0,6/iV/°'C 
120 dB 
0. 1 5 pAA/Hz 
2nA 


The LM725A has tightened electrical performance 
with higher input accuracy and like the LM725, is 
guaranteed over a -55°C to +125°C temperature 
range. The LM725C has slightly relaxed specifica- 
tions and has its performance guaranteed over a 
0°C to 70°C temperature range. 


■ High input voltage range ±14V 

■ Wide power supply range ±3V to ±22V 

■ Offset null capability 

■ Output short circuit protection 


Schematic and Connection Diagrams 



Voltage Offset Null Circuit Frequency Compensation Circuit 



a vcl 

R1 

(12) 

Cl 

</iF) 

R2 

(12) 

C2 

(pF> 

10,000 

10K 

50 pF 

- 

- 

1,000 

470 

.001 

- 

_ 

100 

47 

01 

- 

- 

10 

27 

05 

270 

0015 

1 

10 

05 

39 

02 


Metal Can Package 



Order Number LM725H or 
LM725AH or LM725CH 
See NS Package H08C 


Dual-ln-Line Package 


“TU- 


TOR VIEW 

Order Number LM725CN 
See NS Package N08B 
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Absolute Maximum Ratings 


Supply Voltage 

- ±22V 

Operating Temperature Range 

TA(MIN) 


Ta(MAX) 

Internal Power Dissipation (Note 1) 

500 mV 

LM725 

— 55°C 

to 

+125°C 

Differential Input Voltage ' 

±5V 

LM725A 

-55° C 

to 

+125°C 

Input Voltage (Note 2) 

±22V 

LM725C 

0°C 

to 

+70° C 

Storage Temperature Range 

-65°C to +150°C 





Lead Temperature (Soldering, 10 sec) 

300°C 






Electrical Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

I LM725A 

! LM725 

I LM725C 

UNITS 

| MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage (Without 
External Trim) 

Ta = 25°C ( Rs<10kft 

0.5 


0.5 

1.0 


0.5 

2.5 

mV 

Input Offset Current 

TA = 25° C 


.2.0 

5.0 ! 


2.0 

20 


2.0 

35 

nA 

Input Bias Current 

T A - 25° C 


42 

80 


42 

100 


42 

125 

nA 

Input Noise Voltage 

T A = 25° C 
f 0 = 10 Hz 


15 



15 



15 


nV/\/Hz 


f D = 100 Hz 


9.0 



9.0 



9.0 


nV/v/Hz 


f 0 = 1 kHz 


8.0 



8.0 



8.0 


nV/\/Hz 

Input Noise Current 

T A = 25° C 
f D = 10 Hz 


1.0 



1.0 



1.0 


pA/\/Hz 


f 0 = 100 Hz 


0.3 

1 


0.3 

j 


0.3 


pA/x/Hz 


f D = 1 kHz 


0.15 



0.15 



0.15 


pAA/Hz 

Input Resistance 

Ta = 25°C 

1 'A 1 

1 ]± 1 

1 : '* 1 

Mft 

’ Input Voltage Range 

Ta = 25° C 

±13.5 

±14 


±13.5 

±14 


±13.5 

±14 


V 

Large Signal Voltage Gain 

TA = 25°C,Rl>2 kfi. 
V O UT = ±10V 

1000 

3000 


1000 

3000 


250 

3000 


V/mV 

Common-Mode Rejection Ratio 

Ta = 25°C, Rs<10kft 

1 120 

110 

120 


'94 

120 


dB 

Power Supply Rejection Ratio 

Ta = 25°C, Rs<10kf2 


2.0 

5.0 


2.0 

10 • 


2.0 

35 

/iV/V 

Output Voltage Swing 

Ta = 25°C, 

R L > 10 kfi 

±12.5 

±13.5 


±12 

±13.5 


±12 

±13.5 


V 


R L > 2 kfi 

±12.0 

±13.5 


±10 

±13.5 


±10 

±13.5 


V 

Power Consumption 

T A = 25° C 


80 

105 


80 

105 


80 

150 

mW 

Input Offset Voltage (Without 
External Trim) 

RS< 10 kfi 

0.7 

1.5 

3.5 

mV 

Average Input Offset Voltage Drift 
(Without External Trim) 

Rs = son 

2.0 


2.0 

5.0 

2.0 

MV/°C 

Average Input Offset Voltage Drift 
(With External Trim) 

R S = 50n 


0.6 

1.0 

0.6 

0.6 

pV/°C 

Input Offset Current 

ta = tmax 


1.2 

4.0 


1.2 

20 


1.2 

35 

nA 


Ta = t min 


7.5 

18.0 


7.5 

40 


4.0 

50 

nA 

Average Input Offset Current Drift 



35 

90 


35 

150 

10 | 

pA/°C 

Input Bias Current 

Ta = Tmax 


20 

70 


20 

100 



125 

nA 


Ta = t MIN 


80 

180 


80 

200 



250 

nA 

Large Signal Voltage Gain 

Rl > 2 kfi 

Ta = Tmax 

1,000,000 



1,000,000 



125,000 



V/V 


R l_ > 2 kf2 

Ta = TmiN 

500,000 



250,000 



125,000 



V/V 

Common-Mode Rejection Ratio 

Rs<iokn 

110 

100 

115 

dB 

Power Supply Rejection Ratio 

RS < 10 kS2 

8.0 

20 

20 

MV/V 

Output Voltage Swing 

RL>2 kf2 

±12 

±10 

±10 

V 


Note 1 : Derate at 1 50°C/W for operation at ambient temperatures above 75° C. 

Note 2: For supply voltages less than ±22 V, the absolute maximum input voltage is equal to the supply voltage. 
Note 3: These specifications apply for Vg = ±15V unless otherwise specified. 
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LM725/LM725A/LM725C 









































CAPACITANCE (pF) 



Typical Performance Characteristics (Continued) 


Change in Input Offset 
Voltage Due to Thermal 
Shock vs Time 



Absolute Maximum Power 
Dissipation vs Ambient 
Temperature 



25 45 65 85 105 125 


TIME FROM HEAT APPLICATION (sec) 


TEMPERATURE (°C) 


Stabilization Time of Input 
Offset Voltage from Power 
Turn-On 



0 12 3 4 

TIME FROM POWER APPLICATION (MIN) 


Power Consumption 

vs Temperature Transient Response 



-60 -20 20 60 100 140 

TEMPERATURE (°C) 



0 2 4 6 8 


TIME (vs) 


Transient Response Test Circuit 
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LM733/LM733C 




National Operational Amplifiers/ Buffers 

Semiconductor 


LM733/LM733C Differential Video Amp 


General Description 

The LM733/LM733C is a two-stage, differential 
input, differential output, wide-band video ampli- 
fier. The use of internal series-shunt feedback gives 
wide bandwidth with low phase distortion and high 
gain stability. Emitter-follower outputs provide a 
high current drive, low impedance capability. It's 
120 MHz bandwidth and selectable gains of 10, 
100, and 400, without need for frequency compen- 
sation, make it a very useful circuit for memory 
element drivers, pulse amplifiers, and wide band 
linear gain stages. 

The LM733 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM733C is specified for operation over the 0°C 
to +70°C temperature range. 


Features 

■ 120 MHz bandwidth 

■ 250 k£2 input resistance 

■ Selectable gains of 10, 100, 400 

■ No frequency compensation 

■ High common mode rejection ratio at high 
frequencies. 

Applications 

■ Magnetic tape systems 

■ Disk file memories 

■ Thin and thick film memories 

= Woven and plated wire memories 

■ Wide band video amplifiers. 


Schematic and Connection Diagrams 



Test Circuits 


Test Circuit 1 



£ 


Test Circuit 2 

0Z»f 

-If 


Ir^rfTsA 

51 :; > Ssi<! »K> V°V 


Dual- In-Line Package 



Order Number LM733CN 
See NS Package N14A 


Metal Can Package 



TOP VIEW 

Order Number LM733H or LM733CH 
See NS Package H10D 


Voltage Gain Adjust Circuit 



V s = 6V,T a = 25°C 

(Pin numbers apply to T0-5 package) 
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Absolute Maximum 

Ratings 








Differential Input Voltage 




±5V 






Common Mode Input Voltage 




±6V 






v cc 




±8V 






Output Current 



10 mA 






Power Dissipation (Note 1) 



500 mW 






- Junction Temperature 



+1 50°C 






Storage Temperature Range 


-65°C to +150°C 






Operating Temperature Range 

LM733 

-55° C to +125°C 







LM733C 

0°C to +70° C 






Lead Temperature (Soldering, 

10 sec) 


300°C 






Electrical Characteristics (T a = 25°C, unless otherwise specified, see test circuits, V s = 

±6.0V) 


TEST 


LM733 

LM733C 

UNITS 


CIRCUIT 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Differential Voltage Gain 










Gain 1 (Note 2) 



300 

400 

500 

250 

400 

600 


Gain 2 (Note 3) 

1 

R L = 2 k£2 Vqut = 3 V PiJ 

90 

100 

110 

80 

100 

120 


Gain 3 (Note 4) 


9.0 

10 

11 

8.0 

10 

12 


Bandwidth 










Gain 1 




40 



40 


MHz 

Gain 2 

2 



90 



90 


MHz 

Gain 3 




120 



120 


MHz 

Rise Time 










Gain 1 


V OUT = 1 Vpp 


10.5 



10.5 


ns 

Gain 2 

2 



4.5 

10 


4.5 

12 

ns 

Gain 3 




2.5 



2.5 


ns 

Propagation Delay 


Vout = 1 V PP 








Gain 1 



7.5 



7.5 


ns 

Gain 2 

2 



6.0 

10 


6.0 

10 

ns 

Gam 3 




3.6 



3.6 


ns 

Input Resistance 










Gain 1 




4.0 



4.0 


kSl 

Gain 2 



20 

30 


10 

30 


kfi 

Gain 3 




250 



250 


\<n 

Input Capacitance 


Gain 2 


2.0 



2.0 


pF 

Input Offset Current 




0.4 

3.0 


0.4 

5.0 

MA ' 

Input Bias Current 




9.0 

20 


9.0 

30 

pA 

Input Noise Voltage 


BW = 1 kHz to 10 MHz 


12 



12 


pVrms 

Input Voltage Range 

1 


±1.0 



±1.0 



V 

Common Mode Rejection Ratio 










Gain 2 

1 

V C m = ± 1V f^ 100 kHz 

60 

86 


' 60 

86 


dB 

Gain 2 


V C m = il V f = 5 MHz 


60 



60 


dB 

Supply Voltage Rejection Ratio 










Gain 2 

1 

AV S = +0.5V 

50 

70 


50 

70 


dB 

Output Offset Voltage 
v Gain 1 

1 

Ru = ~ 


0.6 

1.5 


0.6 

1.5 

V 

Gain 2 and 3 




0.35 

1.0 


0.35 

1.5 

’ V 

Output Common Mode Voltage 

1 

R u = 00 

2.4 


3.4 

2.4 

2.9 

3.4 

V 

Output Voltage Swing 

1 

R u = 2k 

3.0 



3.0 

4.0 



Output Sink Current 



2.5 

E 1 



3.6 


mA 

Output Resistance 




20 


s 

20 


SI 

Power Supply Current 

1 

R L = °o 


18 

24 

■ 

18 

24 

mA 
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LM733/LM733C 











LM733/LM733C 


Electrical Characteristics (Continued) 

(The following specifications apply for -55°C < T A < 125°C for the LM733 and 0°C < T A < 70°C for the LM733C, V s = ±6.0V) 


CHARACTERISTICS 


TEST CONDITIONS 

LM733 | 

LM733C S 

UNITS 

I20ZI 


I2EQ1 


ItypI 

MAX 

Differential Voltage Gain 







■ 



Gain 1 



200 


600 

250 


600 


Gain 2 

1 

R u = 2kfi,VouT = 3V p .p 

80 


120 

80 

§| 

120 


Gain 3 



8.0 


12.0 

8.0 


12.0 


Input Resistance Gain 2 



8 



8 

n 


kft 

Input Offset Current 





5 



6 

/iA 

Input Bias Current 





40 


'■ 

40 

ma 

Input Voltage Range 

1 


±1 



±1 



V 

Common Mode Rejection Ratio 







■ 



Gain 2 

1 

. V C m = ±1 V, f <[ 100 kHz 

50 



50 



dB 

Supply Voltage Rejection Ratio 










Gain 2 

1 

AV S = ±0.5V - 

50 



50 



dB 

Output Offset Voltage 










Gam 1 

1 

R l = ~ 



1.5 



1.5 

V 

Gain 2 and 3 





1.2 



1.5 

y 

Output Voltage Swing 

1 

R l = 2k 

2.5 



. 2.8 

1 


V PP 

Output Sink Current 



2.2 



2.5 



mA 

Power Supply Current 

1 

r l = o ° 



27 


m 

27 

mA 


Note 1: The maximum junction temperature of the LM733 is 150°C, while that of the LM733C is 100°C. For operation 

at elevated temperatures devices in the TO-IOO package must be derated based on a thermal resistance of 150°C/W junction 

to ambient or 45°C/W junction to case. Thermal resistance of the dual-in-line package is 100°C/W. 

Note 2: Pins G1A and GIB connected together. 

Note 3: Pins G2A and G2B connected together. 

Note 4: Gain select pins open. 

Typical Performance Characteristics 


Pulse Response 



-15 -10 -5 0 5 10 15 20 25 30 35 


TIME (ns) 


Pulse Response vs 
Temperature 



-15 T 10 -5 0 5 10 15 20 25 30 35 


TIME (ns) 


Pulse Response vs 
Supply Voltage 



-15-10 -5 0 5 10 15 20 25 30 35 


TIME (ns) 



0123456789 10 
FREQUENCY (MHz) 


Phase Shift vs Frequency 



Differential Overdrive 
Recovery Time 



0 20 40 60 80 100 120140160180 200 
DIFFERENTIAL INPUT VOLTAGE (mV) 
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Typical Performance Characteristics (Continued) 



1 5 10 50 100 500 1000 


FREQUENCY (MHz) 


Gain vs Frequency 
Temperature 



1 5 10 50 100 500 1000 

FREQUENCY (MHz) 


Gain vs Frequency vs 
Supply Voltage 



1 5 10 50 100 500 1000 


FREQUENCY (MHz) 



10 100 Ik 10k 

Radj (^) 


Voltage Gain vs Temperature 



TEMPERATURE (°C) 


Voltage Gain vs 
Supply Voltage 



3 4 5 6 7 8 


SUPPLY VOLTAGE (±V) 


Output Voltage Swing vs 
Frequency 



1 5 10 50 100 5001000 

FREQUENCY (MHz) 


Supply Current, Output Voltage 
and Current Swing vs Supply 
Voltage 
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SUPPLY VOLTAGE (V) 


Output Voltage Swing vs 
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Common Mode Rejection 
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Input Noise Voltage vs 
Source Resistance 
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LM741/LM741A/LM741C/LM741E 


T&A National 
mjm Semiconductor 


Operational Amplifiers/Buffers 


LM741/LM741 A/LM741C/LM741 E Operational Amplifier 

General Description 


The LM741 series are general purpose operational 
amplifiers which feature improved performance 
over industry standards like the LM709. They are 
direct, plug-in replacements for the 709C, LM201 , 
MCI 439 and 748 in most applications. 


The amplifiers offer many features which make 
their application nearly foolproof: overload pro- 


tection on the input and output, no latch-up when 
the common mode range is exceeded, as well as 
freedom from oscillations. 

The LM741C/LM741E are identical to the 
LM741/LM741 A except that the LM741C/ 
LM741E have their performance guaranteed over 
a 0°C to +70°C temperature range, instead of 
-55°C to +125°C. 


Schematic and Connection Diagrams (Top Views) 



Metal Can Package 



Mote: Pin 4 connected to case. 

Order Number LM741H, LM741AH, 
LM741CH or LM741EH 
See NS Package H08C 


Dual-1 n-Line Package 


Dual-ln-Line Package 




Order Number LM741CN or LM741EN 
See NS Package N08B 
Order Number LM741CJ 
See NS Package J08A 


Order Number LM741CN-14 
See NS Package N14A 
Order Number LM741J-14, LM741AJ-14 
or LM741CJ-14 
See NS Package J14A 
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Absolute Maximum Ratings 

LM741A 

Supply Voltage ±22V 

Power Dissipation (Note 1 ) 500 mW 

Differential Input Voltage ±30V 

Input Voltage (Note 2) ±15V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range -55°C to +125°C 

Storage Temperature Range -65° C to +150°C 

Lead Temperature 300°C 

(Soldering, 10 seconds) 

Electrical Characteristics (Note 3) 

LM741E 

±22V 

500 mW 

±30V 
±1 5V 

Indefinite 

0°C to +70°C 
— 65°C to +150°C 
300° C 

LM741 LM741C 

. ±22V ±18V 

500 mW 500 mW 

±30 V ±30V 

±15V ±15V 

Indefinite Indefinite 

— 55°C to +1 25° C 0°C to +70°C 

-65°C to +150°C -65°C to +150°C 

300° C 300° C 

PARAMETER 

CONDITIONS 

LM741A/LM741E 

LM741 

LM741C 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Input Offset Voltage 

Ta = 25° C 






RS< 10 k!2 


1.0 5.0 

2.0 6.0 

mV 


RS < 5012 

0.8 3.0 



mV 


tamin<t a <t A max 






RS < 5012 

4.0 



mV 


RS<10kl2 


6.0 

7.5 

mV 

Average Input Offset 


15 



pV/°C 

Voltage Drift 






Input Offset Voltage 

TA = 25° C, Vs = ±20V 

±10 

±15 

±15 

mV 

Adjustment Range 






Input Offset Current 

Ta = 25° C 

3.0 30 

20 200 

20 200 

nA 


tamin<t a <t A max 

70 

85 500 

300 

nA 

Average Input Offset 


0.5 



nA/°C 

Current Drift 






Input Bias Current 

Ta = 25°C 

30 80 

80 500 

80 500 

nA 


Tamin<t a <Tamax 

0.210 

1.5 

0.8 

juA 

Input Resistance 

Ta = 25°C, Vs = ±20V 

1.0 6.0 

0.3 2.0 

0.3 2.0 

M12 


Tamin<Ta<Tamax. 

0.5 



- M12 


Vs = ±20V 





Input Voltage Range 

Ta = 25° C 



±12 ±13 

V 


Tamin<Ta<Tamax 


±12 ±13 


V 

Large Signal Voltage Gain 

Ta = 25°C, Rt>2kl2 






Vs = ±20V, Vo = ±15V 

50 



V/mV 


Vs = ±15V, Vo = ±10V 


50 200 

20 200 

V/mV 


Tamin<t a <t A max- 






R|_ > 2 kS2, 






Vs = ±20V, Vq = ±15V 

32 



V/mV 


Vs = ±15V, V O = ±10V 


25 

15 

V/mV 


V S = ±5V, V 0 = ±2V 

10 



V/mV 

Output Voltage Swing 

Vs = ±20V 






RL> 10kl2 

±16 



V 


R L > 2 k!2 

±15 



V 


Vs - ±15V 






R[_> 10kl2 


±12 ±14 

±12 ±14 

V 


RL > 2 k!2 


±10 ±13 

±10 ±13 

V 

Output Short Circuit 

Ta = 25° C 

10 25 35 

25 

25 

mA 

Current 

Tamin<t a <t A max 

10 40 



mA 

Common-Mode 

Tamin<t a <t A max 





Rejection Ratio 

R S <10kl2, V C m = ±12V 


70 90 

70 90 

dB 


RS<50kl2, V C M= -12V 

80 95 



dB 


3-203 


LM741/LM741A/LM741C/LM741E 












LM741/LM741A/LM741C/LM741E 


Electrical Characteristics (Continued) 


PARAMETER 

CONDITIONS 

LM741A/LM741E 

LM741 

LM741C 

. UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Supply Voltage Rejection 

TAMIN<TA<TAMAX< 





Ratio 

Vg - ±20V to Vs = ±5V 






RS < 50H 

86 96 



dB 


RS<10kfi 


77 96 

77 96 

dB 

Transient Response 

Ta = 25°C, Unity Gain 





Rise Time 


0.25 0.8 

0.3 

0.3 

ps 

- Overshoot 


6.0 20 

5 

5 . 

. % 

Bandwidth (Note 4) 

Ta = 25°C 

0.437 1.5 



MHz 

Slew Rate 

Ta = 25°C, Unity Gain 

0.3 0.7 

0.5 

0.5 

V//us 

Supply Current 

T A = 25°C' 


1.7 2.8 

1.7 2.8 

mA 

Power Consumption 

T A = 25°C 


< 




Vs = ±20V 

80 150 



mW 


Vs = ±15V 


50 85 

50 85 

mW 

LM741A 

Vg = ±20V 






ta = t A min 

165 



mW 


Ta = T A MAX 

135 



mW 

LM741E 

Vs = ±20V 

•150 



mW 


T A = TamIN 

150 



mW 


Ta = T A MAX 

150 



mW 

LM741 

Vg = ±15V 






Ta = TaMIN 


60 100 


mW 


t a = Tam ax 


45 75 


mW 


Note 1: The maximum junction temperature of the LM741/LM741A is 150°C, while that of the LM741C/LM741 E is 100°C. For operation at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W junction to ambient, or 45°C/W 
junction to case. The thermal resistance of the dual-in-line package is 1 00° C/W junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Unless otherwise specified, these specifications apply for Vg = ±15V, — 55°C < T A < +125° C (LM741/LM741 A). For the LM741C/ 
LM741 E, these specifications are limited to 0°C < T A < +70° C. 

Note 4: Calculated value from: BW (MHz) = 0.35/Rise Timers). 
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National Operational Amplifiers/ Buffers 

Semiconductor 


LM747/LM747A/LM747C/LM747E Dual Operational 
Amplifiers 

General Description 

The LM747 series are general purpose dual 
operational amplifiers. The two amplifiers share 
a common bias network and power supply 
leads. Otherwise, their operation is completely 
independent. 


Features 

■ No frequency compensation required 

■ Short-circuit protection 

■ Wide common-mode and differential voltage 
ranges 


Schematic Diagram (each amplifier) 



Note: Numbers in parentheses are pin numbers for amplifier B, DIP only. 


■ Low-power consumption 

■ No latch-up 

■ Balanced offset null 

Additional features of the LM747 and LM747C 
are: no latch-up when input common mode range 
is exceeded, freedom from oscillations, and pack- 
age flexibility. 

The LM747C/LM747E is identical to the LM747/ 
LM747A except that the LM747C/LM747E has its 
specifications guaranteed over the temperature 
range from 0°C to +70°C instead of ~55°C to 
+125°C. 
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LM747/LM747A/LM747C/LM747E 


Absolute Maximum Ratings 

Supply Voltage LM747/LM747A ±22V 

LM747C/LM747E ±18V 

Power Dissipation (Note 1) 800 mW 

Differential Input Voltage ±30V 

Input Voltage (Note 2) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 

LM747/LM747A -55°C to +1 25°C 

LM747C/LM747E 0°C to +70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 3) 

PARAMETER 

CONDITIONS 

LM747A/LM747E 

, LM747 

LM747C 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Input Offset Voltage 

,Ta = 25° C 






RS< 10 kft 


1 .0 . 5.0 

2.0 6.0 

mV 


RS < 50ft 

0.8 3.0 



mV 


Tamin<t a <t A max 






RS < 50ft 

4.0 



mV 


RS< 10kft 


6.0 

7.5 

mV 

Average Input Offset 


15 



juV/°C 

Voltage Drift 






Input Offset Voltage 

Ta = 25°C, V S = ±20V 

±10 

±15 

±15 

mV 

Adjustment Range . 






Input Offset Current 

T A = 25° C 

3.0 30 

20 200 

20 200 

nA 


Tamin<t a <t A max 

70 

85 500 

300 

nA 

Average Input Offset 


0.5 



nA/°C 

Current Drift 






Input Bias Current 

Ta = 25° C 

30 80 

80 500 

80 500 

nA 


TAMIN<TA<TAMAX 

0.210 

1.5 

0.8 

MA 

Input Resistance 

Ta = 25° C, Vs = ±20 V 

1.0 6.0 

0.3 2.0 : 

0.3 2.0 

Mft 


tamin<‘Ta<Tamax. 

0.5 



Mft 


Vs = ±20V 





Input Voltage Range 

Ta = 25°C 



±12 ±13 

V 


Tamin<t a <Tamax 


±12 ±13 


V 

Large Signal Voltage Gain 

Ta = 25°C, R|_>2kft 






Vs = ±20V, Vq = ±15V 

50 



V/mV 


Vs = ±15V, Vq = ±10V 


50 200 

20 200 

V/mV 


TAMIN<T a <TaMAX- 






R[_ > 2 kft, 






Vs = ±20V, Vq = ±15V 

32 



V/mV 


Vs = ±15V, Vo = ±10V 


25 

15 

V/mV 


V S - ±5V, V 0 = ±2V 

10 



V/mV 

Output Voltage Swing 

Vs = ±20V 






R(_ > 10 kft 

±16 



V 


R L > 2 kft 

±15 



V 


Vs - ±15V 






Rj_ > 10 kft 


±12 ±14 

±12 ±14 

V 


Rl_ > 2 kft 


±10 ±13 

±10 ±13 

V 

Output Short Circuit 

Ta = 25° C 

10 25 35 

25 

25 

mA 

Current 

tamin<t a <t A max 

10 40 



mA 

Common-Mode 

tamin<t a <t A max 





Rejection Ratio 

RS<10kft, V C M = ±12V 


70 90 

70 90 

dB 


RS<50kft, V C M = ±12V 

80 95 



dB 
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Electrical Characteristics (Continued) 


PARAMETER 

CONDITIONS 

LM747A/LM747E 

LM747 

LM747C 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Supply Voltage Rejection 

TAMIN<TA<TAMAX< 





Ratio 

Vs = ±20V to Vs = ±5V 






RS < 5012 

86 96 



dB 


RS<10kf2 


77 96 

77 96 

dB 

Transient Response 

Ta = 25°C, Unity Gain 





Rise Time 


0.25 0.8 

0.3 

0.3 

U s 

Overshoot 


6.0 20 

5 

5 

% 

Bandwidth (Note 4) 

T A = 25° C 

0.437 1.5 



MHz . 

Slew Rate 

Ta = 25°C, Unity Gain 

0.3 0.7 

0.5 

0.5 

V/jLt s 

Supply Current 

T A = 25° C 


1.7 2.8 

1.7 2.8 

mA 

Power Consumption 

Ta = 25° C 






V S = ±20V 

80 150 



mW 


Vs = ±15V 


50 85 

; 50 85 

mW 

LM747A 

Vs = ±20V 






Ta = Tamin 

165 



mW 


ta=t A max 

135 



mW 

LM747E 

Vs » ±20V 

150 



mW 


ta = Tamin 

150 



mW 


ta = Tamax 

150 



mW 

LM747 

Vs = ±15V . 






ta = Tamin 


60 100 


mW 


Ta = Tamax 


45 75 


mW 


Note 1: The maximum junction temperature of the LM747/LM747A is 150°C, while that of the LM747C/LM747E is 100°C. For operating at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, 
junction to case. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than ±1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for ±5V < V s < ±20V and -55° C < T A < 125°C for the LM747A and 0°C < T A < 70°C for the LM747E 
unless otherwise specified. The LM741 and LM741C are specified for Vg = ± 15V and — 55°C < Ta < 125° C and 0°C < Ta < 70° C, respectively, 
unless otherwise specified. 

Note 4: Calculated value from: 0.35/Rise Time (jus). 
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LM747/LM747A/LM747C/LM747E 


Typical Performance Characteristics 


Input Bias and Offset Currents 
vs Ambient Temperature 


DC Parameters vs 
Supply Voltage 



-60 -20 20 60 100 140 

TEMPERATURE (°C) 



Common Mode Rejection 
Ratio vs Frequency 



1 10 100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


Output Voltage Swing 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 




Output Voltage Swing 
vs Load Resistance 



0.1 0.2 0.5 1.0 2.0 5.0 10 

LOAD RESISTANCE (kft) 


Output Swing and Input 
Range vs Supply Voltage 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Normalized DC Parameters 

vs Ambient Temperature Transient Response 



-60 -20 20 60 100 140 


AMBIENT TEMPERATURE (°C) 



Frequency Characteristics vs 
Ambient Temperature 



-60 -20 20 60 100 140 

TEMPERATURE f°C) 


Frequency Characteristics vs 
Supply Voltage 


Output Resistance vs 
Frequency 


Open Loop Transfer 
Characteristics vs Frequency 



SUPPLY VOLTAGE (±V) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 
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Typical Performance Characteristics (Continued) 


Input Resistance and Input 
Capacitance vs Frequency 



Broadband Noise for 
Various Bandwidths 



SOURCE RESISTANCE 


Input Noise Voltage and 
Current vs Frequency 



IN 


Voltage Follower Large 
Signal Pulse Response 



0 20 40 60 80 100 120 

TIME M 



Connection Diagrams 



Order Number LM747AH, LM747H, 
LM747EH or LM747CH 
See NS Package H10C 


Order Number LM747AJ, LM747J, 
LM747EJ or LM747CJ 
See NS Package J14A 

Order Number LM747EN or LM747CN 
See NS Package N14A 


**V + A and V + B are internally connected for LM747AJ, LM747CJ etc. 


3-209 


LM747/LM747A/LM747C/LM747E 









LM748/LM748C 



National Operational Amplifiers/ Buffers 
Semiconductor 


LM748/LM748C Operational Amplifier 


General Description 

The LM748/LM748C is a general purpose opera- 
tional amplifier built on a single silicon chip. The 
resulting close match and tight thermal coupling 
gives low offsets and temperature drift as well as 
fast recovery from thermal transients. In addition, 
the device features: 

■ Frequency compensation with a single 30 pF 
capacitor 

■ Operation from ±5V to ±20V 

■ Low current drain: 1 .8 mA at ±20V 

■ Continuous short-circuit protection 

■ Operation as a comparator with differential in- 
puts as high as ±30V 


■ No latch-up when common mode range is 
exceeded. 

■ Same pin configuration as the LM101 . 

The unity-gain compensation specified makes the 
circuit stable for all feedback configurations, even 
with capacitive loads. However, it is possible to 
optimize compensation for best high frequency 
performance at any gain. As a comparator, the 
output can be clamped at any desired level to make 
it compatible with logic circuits. 

The LM748 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM748C is specified for operation over the 0°C 
to +70°C temperature range. 


Connection Diagrams 

Metal Can Package 
COMPENSATION 



Order Number LM748H or LM748CH 
See NS Package H08C 

Typical Applications 


Dual-1 n-Line Package 



Order Number LM748CN 
See NS Package N08B 
Order Number LM748J or LM748CJ 
See NS Package J08A 


Inverting Amplifier with Balancing Circuit 



Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 



Low Drift Sample and Hold 


Q1 



Voltage Comparator for Driving 
RTL Logic or High Current Driver 


OUTPUT 
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Absolute Maximum 

Ratings 





Supply Voltage 


±22V 




Power Dissipation (Note 1) 

500 mW 




Differential Input Voltage 


±30V 




Input Voltage (Note 2) 


±15V 




Output Short-Circuit Duration 

(Note 3) Indefinite 




Operating Temperature Range: 

LM748 -55°Cto+125°C 





LM748C 0°C to +70° C 




Storage Temperature Range 

-65° C to +1 50°C 




Lead Temperature (Soldering, 10 sec) 

300° C 




Electrical Characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25°C, R s < 10 k£2 


1.0 

5.0 

mV 

Input Offset Current 

T a = 25°C 


40 

200 

nA 

Input Bias Current 

T a = 25° C 


120 

500 

nA 

Input Resistance 

T a = 25°C 

300 

800 


kO 

Supply Current 

T a = 25°C, V S = ±15V 


1.8 

2.8 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V 






V OUT = ± 10V, R l > 2 kS7 

50 

160 


V/mV 

Input Offset Voltage 

R s < 10 kft 



6.0 

mV 

Average Temperature 

R s < 50L2 


3.0 


mV/°C 

Coefficient of Input Offset 






Voltage 

R s < 10 kQ, 


6.0 


mv/°c 

Input Offset Current 

T a = 0°C to 70° C 



300 

nA 


T a = -55° C to 125°C 



500 

nA 

Input Bias Current 

T a = 0°C to 70° C 



0.8 

juA 


T a = -55°C to 125°C 



1.5 

ma 

Supply Current 

T a = +125°C, V s = ±15V 


1.2 

2.25 

mA 


T a = -55°C to 125°C 


1.9 

3.3 

mA 

Large Signal Voltage Gain 

V s = ±15V, V 0UT = ±10V 






R L > 2 K£2 

25 



V/mV 

Output Voltage Swing 

V s = ±15V, R l = 10£2 

±12 

±14 


V 


R L =2kft 

±10 

±13 


V 

Input Voltage Range 

V s = ±1 5V 

±12 



V 

Common Mode Rejection Ratio 

R s < 10 kO 

70 

90 


dB 

Supply Voltage Rejection Ratio 

R s < 10 k£2 

77 

90 


dB 

Note 1: For operating at elevated temperatures the devices must be derated based on a maximum 

junction to case thermal 

resistance of 45° C per watt, or 150°C per watt junction to ambient. (See Curves). 




Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 


Note 3: Continuous short circuit is allowed for case temperatures to +125°C and ambient temperatures to +70° C. 


Note 4: These specifications apply for ±5V < Vc < +15V and -55°C < T A < 125°C, unless otherwise specified. With the 

LM748C, however, all temperature specifications are limited to 0°C < T A ; 

< 70° C. 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM1558/LM1458 Dual Operational Amplifier 


General Description 

The LM1558 and the LM1458 are general purpose 
dual operational amplifiers. The two amplifiers 
share a common bias network and power supply 
leads. Otherwise, their operation is completely 
independent. Features include: 

■ No frequency compensation required 

■ Short-circuit protection 

■ Wide common-mode and differential voltage 
ranges 


■ Low-power consumption 

■ 8-lead TO-5 and 8-lead mini DIP 

■ No latch up when input common mode range is 
exceeded , 


The LM1458 is identical to the LM1558 except 
that the LM1458 has its specifications guaranteed 
over the temperature range from 0°C to 70°C 
instead of -55°C to +125°C. 


Schematic and Connection Diagrams 



Metal Can Package 


Dual-In-Line Package 




OUTPUT » 

INVERTING INPUT I 

NON INVERTING 
INPUT I 


Order Number LM1558H 
or LM1458H 
See NS Package H08C 


Order Number LM1558J Order Number LM1458N 
or LM1458J See NS Package N08B 

See NS Package J08A 
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Input Offset Voltage 
Input Offset Current 
Input Bias Current 
Input Resistance 


T a = 25 C, R s <10k£2 
T a = 25°C 
T a = 25° C 
T a = 25° C 

T A = 25°C, V s = ±15V 


Supply Current Both T A = 25 C, V s = ±15V 

Amplifiers 

Large Signal Voltage Gain T A = 25°C, V s = ±15V 

V 0 ut “ - iOV, R L > 2 k£2 

Input Offset Voltage R s <10k£2 

Input Offset Current 

Input Bias Current 

Large Signal Voltage Gain V s = ±15V, V OUT = ±10V 
R L > 2 k!2 


Output Voltage Swing 


V S = ±15V, R L = lOkH 
R u = 2kS2 

Input Voltage Range V S = ±15V 

Common Mode R s <, 0k n 

Rejection Ratio ~ 

Supply Voltage Rs<10k n 

Rejection Ratio 


Note 1: The maximum junction temperature of the LM1558 is 150°C, while that of the LM1458 is 1Q0°C. For operating at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to 
ambient or 45°C/W, junction to case. For the DIP the device must be derated based on a thermal resistance of 187° C/W, 
junction to ambient. 

Note 2: For supply voltages less than i15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for Vg = ±15V and -55°C < T A < 125°C, unless otherwise specified. With the LM1458, 
however, all specifications are limited to 0°C < T A < 70°C and Vg = ±15V. 
















National 

Semiconductor 


Operational Amplifiers/Buffers 


LM2900/LM3900, LM3301, LM3401 Quad Amplifiers 


General Description 

The LM2900 series consists of four independent, dual 
input, internally compensated amplifiers which were de- 
signed specifically to operate off of a single power supply 
voltage and to provide a large output voltage swing. 
These amplifiers make use of a current mirror to achieve 
the non-inverting input function. Application areas in- 
clude: ac amplifiers, RC active filters, low frequency 
triangle, squarewave and pulse waveform generation 
circuits, tachometers and low speed, high voltage digital 
logic gates. 


Features 

■ Wide single supply voltage 4 V DC to 36 V DC 

range or dual supplies ±2 V DC to ±18 V DC 

■ Supply current drain independent of supply voltage 

■ Low input biasing current 30 nA 

■ High open-loop gain 70 dB 

■ Wide bandwidth 2.5 MHz (Unity Gain) 

■ Large output voltage swing (V + t1) Vp-p 

■ Internally frequency compensated for unity gain 

■ Output short-circuit protection 


Schematic and Connection Diagrams 



Dual-in-Line and Flat Package 


Order Number LM2900J 
See NS Package J14A 
Order Number LM2900N, 
LM3900N, LM3301N 
or LM3401N 
See NS Package' N1 4 A 



Typical Applications < v+ = 15 v dc) 






Low V|ft| — VquT Voltage Regulator Non-Inverting Amplifier Negative Supply Biasing 
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LM2900/LM3900, LM3301, LM3401 


Absolute Maximum Ratings 



LM2900/LM3900 

LM3301 

LM3401 

Supply Voltage 

32 V DC 

28 V DC 

18 V D C 


±16 V DC 

±14V DC 

±9 Vqc 

Power Dissipation (T/\ = 25°C) (Note 1) 




Cavity DIP 

900 mW 



Flat Pack 

800 mW 



Molded DIP 

570 mW 

570 mW 

570 mW 

Input Currents, l|N + or l|N 

20 mApC 

20 mApc 

20 mApc 

Output Short-Circuit Duration — One Amplifier 

Continuous 

Continuous 

Continuous 

Ta = 25°C (See Application Hints) 




Operating Temperature Range 


-40°C to +85° C 

0°C to +75°C 

LM2900 

-40°C to +85°C 



LM3900 

0°C to +70°C 



Storage Temperature Range 

-65°C to +150°C 

-65° C to +150°C 

65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

300° C 

300° C 

300°C 


Electrical Characteristics (Note 6) 


PARAMETER 

CONDITIONS 

LM2900 

LM3900 

LM3301 

LM3401 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Open Loop 







Voltage Gain 





800 

V/mV 

Voltage Gain 

Ta = 25°C, f = 100 Hz 

1.2 2.8 

1.2 2.8 

1.2 2.8 

1.2 2.8 

V/mV 

Input Resistance 

Ta = 25°C, Inverting Input 

1 

1 ' 

1 

0.1 1 

: M£2 

Output Resistance 


8 

8 

8 

8 


Unity Gain Bandwidth 

Ta = 25°C, Inverting Input 

2.5 

2.5 

2.5 

2.5 

MHz 

Input Bias Current 

Ta = 25°C, Inverting Input 

30 200 

30 200 

30 300 

30 300 

nA 


Inverting Input 




500 

nA 

Slew Rate 

Ta = 25°C, Positive Output Swing 

0.5 

0.5 

0.5 

0.5 



Ta = 25°C, Negative Output Swing 

20 

20 

v 20 

20 


Supply Current 

Ta = 25°C, Rl = 00 On All Amplifiers 

6.2 10 

6.2 10 

6.2 10 

6.2 10 

mApc 

Output Voltage Swing 

T A = 25°C, R L = 2k, V C C = 15.0 V DC 






v OUT High 

l|N _ = 0, l|N + = 0 

13.5 

13.5 

13.5 

13.5 

VDC 

v OUT Low 

1 1 N _ = 1 0mA, 1 1 = 0 

0.09 0.2 

0.09 0.2 

0.09 0.2 

0.09 0.2 

V D c 

VoUT H '9 h 

l|N~ = 0, l|N + = 0 Rl = °°, Vcc = 30 V DC 

29.5 

29.5 

29.5 

29.5 

VDC 

Output Current Capability 

T A = 25° C 






Source 


6 18 

6 10 

5 18 

5 10 

mApc 

Sink 

(Note 2) 

0.5 1.3 

0.5 1.3 

0.5 1.3 

0.5 1.3 

mApc 

'SINK 

VQL = 1 V, ! in = 5/iA r 

5 

5 

5 

5 

mApc 
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Electrical Characteristics (Continued) (Note 6) 


PARAMETER 

CONDITIONS 

LM2900 

LM3900 

LM3301 

LM3401 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Power Supply Rejection 

TA = 25°C,f= 100 Hz 

70 

70 

70 

70 

dB 

Mirror Gain 

@ 20juA (Note 3) 

@ 200pA (Note 3) 

0.90 1.0 1.1 

0.90 1.0 1.1 

0.90 1.0 1.1 

0.90 1.0 1.1 

0.90 1 1.10 

0.90 1 1.10 

0.90 1 1.10 

0.90 1 1.10 

pA/pA 

pA/pA 

AMirror Gain 

@ 20 pA To 200pA (Note 3) 

2 5 

2 5 

2 5 

2 5 

% 

Mirror Current 

(Note 4) 

10 500 

10 500 

10 500 

10 500 

MAdC 

Negative Input Current 

Ta = 25°C (Note 5) 

1.0 

1.0 

1.0 

1.0 

mApc 

Voltage Gain 

f = 100 Hz 





V/mV 

Input Bias Current 

Inverting Input 


1 



nA 


Note 1: For operating at high temperatures, the device must be derated based on a 125°C maximum junction temperature and a thermal resistance of 175°C/W which applies for the device soldered in a printed 
circuit board, operating in a still air ambient. 

Note 2: The output current sink capability can be increased for large signal conditions by overdriving the inverting input. This is shown in the section on Typical Characteristics. 

Note 3: This spec indicates the current gain of the current mirror which is used as the non-inverting input. 

Note 4: Input VgE match between the non-inverting and the inverting inputs occurs for a mirror current (non-inverting input current) of approximately IOjuA. This is therefore a typical design center for many of 
the application circuits. 

Note 5: Clamp transistors are included on the 1C to prevent the input voltages from swinging below ground more than approximately —0.3 Vps- The negative input currents which may result from large signal 
overdrive with capacitance input coupling need to be externally limited to values af approximately 1 mA. Negative input currents in excess of 4 mA will cause the output voltage to drop to a low voltage. This 
maximum current applies to any one of the input terminals. If more than one of the input terminals are simultaneously driven negative smaller maximum currents are allowed. Common-mode current biasing can 
be used to prevent negative input voltages; see for example, the "Differentiator Circuit" in the applications section. 

Note 6: These specs apply for -55° C < Ta < +125°C, unless otherwise stated. 



vovmi ‘weem ‘oo 6 ei/\n/oo 63 i/\n 




LM2900/LM3900, LM3301, LM3401 



t a - temperature <°c> 

V + -SUPPLY VOLTAGE (V DC ) 

f- FREQUENCY (Hr) 

Output Sink Current 

Output Class-A Bias Current 

Output Source Current 








Application Hints 


When driving either input from a low-impedance source, 
a limiting resistor should be placed in series with the 
Input lead to limit the peak input current. Currents as 
large as 20 mA will not damage the device, but the 
current mirror on the non-inverting input will saturate 
and cause a loss of mirror gain at mA current levels— 
especially at high operating temperatures. 


Precautions should be taken to insure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a test socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fuzing of the internal conductors and result in a 
destroyed unit. 


Output short circuits either to ground or to the positive 
power supply should be of short time duration. Units 
can be destroyed, not as a result of the short circuit 
current causing metal fuzing, but rather due to the large 
increase in 1C chip dissipation which will cause eventual 
failure due to excessive junction, temperatures. For 
example, when operating from a well-regulated +5 V DC 
power supply at T A = 25°C with a 100 k£2 shunt- 
feedback resistor (from the output to the inverting 
input) a short directly to the power supply will not cause 
catastrophic failure but the current magnitude will be 
approximately 50 mA and the junction temperature will 
be above Tj max. Larger feedback resistors will reduce 
the current, 1 1 Mf2 provides approximately 30 mA, an 
open circuit provides 1.3 mA, and a direct connection 
from the output to the non-inverting input will result in 
catastrophic failure when the output is shorted to V + 
as this then places the base-emitter junction of the input 
transistor directly across the power supply. Short-circuits 
to ground will have magnitudes of approximately 30 mA 
and will not cause catastrophic failure at T A = 25°C. 


Typical Applications (Continued) 



Low-Drift Ramp and Hold Circuit 


Unintentional signal coupling from the output to the 
non-inverting input can cause oscillations. This is likely 
only in breadboard hook-ups with long component leads 
and can be prevented by a more careful lead dress or by 
locating the non-inverting input biasing resistor close to 
the 1C. A quick check of this condition is to bypass the 
non-inverting input to ground with a capacitor. High 
impedance biasing resistors used in the non-inverting 
input circuit make this input lead highly susceptible to 
unintentional ac signal pickup. 

Operation of this amplifier can be best understood by 
noticing that input currents are differenced at the 
inverting-input terminal and this difference current then 
flows through the external feedback resistor to produce 
the output voltage. Common-mode current biasing is 
generally useful to allow operating with signal levels near 
ground or even negative as this maintains the inputs 
biased at +V BE . Internal clamp transistors (see note. 5) 
catch negative input voltages at approximately -0.3 V DC 
but the magnitude of current flow has to be limited by 
the external input network. For operation at high 
temperature, this limit should be approximately 100/uA. 

This new "Norton" current-differencing amplifier can be 
used in most of the applications of a standard 1C op 
amp. Performance as a dc amplifier using only a single 
supply is not as precise as a standard 1C op amp 
operating with split supplies but is adequate in many 
less critical applications. New functions are made possible 
with this amplifier which are useful in single power 
supply systems. For example, biasing can be designed 
separately from the ac gain as was shown in the 
"inverting amplifier," the "difference integrator" allows 
controlling the charging and the discharging of the 
integrating capacitor both with positive voltages, and 
the "frequency doubling tachometer" provides a simple 
circuit which reduces the ripple voltage on a tachometer 
output dc voltage. 
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LM4250/LM4250C 


National Operational Amplifiers/ Buffers 

Semiconductor 


LM4250/LM4250C Programmable Operational Amplifier 

General Description 


The LM4250 and LM4250C are extremely versatile 
programmable monolithic operational amplifiers. 
A single external master bias current setting, resistor 
programs the input bias current, input offset cur- 
rent, quiescent power consumption, slew rate, 
input noise, and the gain-bandwidth product. 
The device is a truly general purpose operational 
amplifier. 

Features 

■ ±1V to ±18V power supply operation 

■ 3 nA input offset current 

Schematic Diagrams 


■ Standby power consumption as low as 500 nW 

■ No frequency compensation required 

■ Programmable electrical characteristics 

■ Offset Voltage nulling capability 

■ Can be powered by two flashlight batteries 

■ Short circuit protection 

The LM4250C is identical to the LM4250 except 
that the LM4250C has its performance guaranteed 
over a 0°C to 70°C temperature range instead of 
the -55°C to +125°C temperature range of the 
LM4250. 


Typical Applications 




X5 Difference Amplifier 



Connection Diagrams 


Metal Can Package 


500 Nano-Watt X10 Amplifier 


Dual-ln-Line Package 




Order Number LM4250H or LM4250CH 
See NS Package H08C 


Order Number LM4250CN 
See NS Package N08B 
Order Number LM4250J 
or LM4250CJ 
See NS Package J08A 


3-224 



Absolute Maximum Ratings 


Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 
l SET Current 


Output Short-Circuit Duration 
Operating Temperature Range LM4250 
LM4250C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


Indefinite 
-55°C^T A <: 125°C 
0°C ^ T A £ 70°C 
-G5°C to 150°C 
300° C 


Electrical Characteristics 


LM4250 (-55° C T A <, 1 25°C unless otherwise specified) 
I v s = ±1.5V 


lb** 

Large Signal Voltage Gain 

Supply Current 
Power Consumption 
Vos 


T A = 25 R s ^100kn 
T a 3 25° 

T A = 25° 

T a = 25° R l = 100 k£2 
V D = ±0.6, R u = lOkft 
T a = 25°C 
T a = 2E°C 
R s £ 100 kft 
' T a = 125°C 
T a = -55°C 


Input Voltage Range 
Large Signal Voltage Gain 

Output Voltage Swing 

Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 
Supply Current 
Power Consumption 


V 0 = ±0.6V R L = 100 kS2 
R L = 10kS2 . 

R l = 100 kft 
R l = 10 kS2 
R s ^ 10 kfl 
R s <, 10 k« 



Vos 

T a = 25°C R s <£ 100 kfi 


3 mV 


5 mV 

•os 

T a = 25° C 


3nA 


10 nA 

•bias 

Ta - 25°C 


7.5 nA 


50 nA 

Large Signal Voltage Gain 

T a =25°C R l = 100 kf2 

V o = ±10V R l = lOkft 

100k 


100k 


Supply Current 

T a - 25°C 


10 pA 


90 pA 

Power Consumption 

T a = 25°C 


300 pW 


2.7 mW 

Vos 

r s ^ ioo kn 


4 mV 


6 mV 

los 

T a = 125°C 


25 nA 


25 nA 


T a = -55°C 


3 nA 


10 nA 

•b*s 



7.5 nA 


50 n A 

Input Voltage Range 


± 13.5 V 


± 13.5 V 


Large Signal Voltage Gain 

V o = ±10V R u = 100 ktt 

R l = 10kfl 

50k 


50k 


Output Voltage Swing 

R l = 100 k£2 

R l = lOkfl 

±12V 


±12V 


Common Mode Rejection Ratio 

R s 5* 10 kfi 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

Supply Current 

R s <i 10 kft 

76 dB 

11 pA 

76 dB 

lOOpA 

Power Consumption 



330 pW 


3 mW 


Note 1: The maximum junction temperature of the LM4250 is 150°C, while that of the LM4250C is 100°C. For operating 
at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W junction to 
ambient, or 45°C/W junction to case. The thermal resistance of the dual-in-line package is 125 c C/W. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
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LM4250/LM4250C 


Electrical Characteristics LM4250C (0°C < T a ^ 70°C unless otherwise specified) 


PARAMETERS 

CONDITIONS 


v s = 

±1.5V 


•set 

1 /iA 

•set = 

10 uA 

MIN 

MAX 

MIN 

MAX 

v os 

T a = 25°C Rs ^ 100 kfl 


5 mV 


6 mV 

•os 

T a = 25°C ' 


6 nA> 


20 nA 

l blas 

T a - 25°C 


10 nA 


75 nA 

Large Signal Voltage Gain 

T a = 25°C R L = 100 kfi 

25k 





V 0 = ±0.6V R l = 10 k« 



25k 


Supply Current 

T A = 25°C 


8/iA 


90 /iA 

Power Consumption > 

T a = 25°C 


24 /iW 


270 /iW 

Vos 

R s ^ 10 kn 

, 

6.5 mV 


7.5 mV 

•os 



8 nA 


25 nA 

•bias 



10 nA 


80 nA 

Input Voltage Range 


±0.6V 


±0.6V 


Large Signal Voltage Gain 

V o = ±0.6V R l = 100 

25k 





R l =;10kft 



25k 


Output Voltage Swing 

. R l = 100 kS2 

±0.6V 





R l = 10 kft 



±0.6V 


Common Mode Rejection Ratio 

Rg £ 10 kf2 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

Rg^ 10 kn 

74 dB 


74 dB 


Supply Current 



8/iA 


90 uA 

Power Consumption 



24 pW 


270 uW 




Vs** 

±15V 


PARAMETERS 

CONDITIONS 

«SET = 

’1/iA 

•set - 

10 /iA 



MIN 

MAX 

MIN 

MAX 

V 0 s 

T a = 25°C R s ^ 100 kfl 


5 mV 


6 mV 

•os 

T a = 25° C 


6 nA 


20 nA 

•bias 

T a - 25°C 


10 nA 


75 nA 

Large Signal Voltage Gain 

T a = 25°C R u = 100 kfi 

60k 





V o = ±10V R l = 10 kn 



60k 


Supply Current 

T a = 25°C 


11 AiA 


100 /iA 

Power Consumption 

T a = 25°C 


330 /iW 


3 mW 

V 0 s 

Rg^lOkn 


6.5 mV 


7.5 mV 

•os 



8 nA 


25 nA 

•bias 



10 nA 


80 nA 

Input Voltage Range 


± 13.5 V 


± 13.5 V 


Large Signal Voltage Gain 

V o = ±10V R u = 100 kn 

50k 





R L =10kSI 



50k 


Output Voltage Swing 

r l = ioo kn 

±12V 





R l = 10 kJ2-. 



±12V 


Common Mode Rejection Ratio 

Rg^lOkn 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

Rg^lOkn 

74 dB 


74 dB 


Supply Current 



11 uA 


100 uA 

Power Consumption 


i 

300 uW 


3mW 


Resistor Biasing 

Set Current Setting Resistor to V" 


1 : 1 

1 

0.1 pA 

H3SI 

mum 

5/iA 

10 /iA | 



KSaXSEI 

E32SI 



| ±3.0V 

55.6 MJ2 

11.0 Mft 

5.5 Mft 

1.09 MI2 

544 kfi | 

H3SI 

BEdSH 


ULLUM 

®ggj2251 

wmwmm 

WESSM 

BE2X29H 


ssm 

BH22ZE1 

HHQSS3I 

EQXQi 

^2222® 


£222251 

HD3BZ3H 

®j22yG21 

BS3SI 




HS32S1 

®£222251 
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SLEW RATE (V/jjs) V 0 PEAK TO PEAK (V) V os AT l SET = 10 fiA (mV) 


Typical Performance Characteristics 


Input Bias Current vs IgET 


Input Bias Current vs 
Temperature 


Input Offset Current vs 
Temperature 
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KV3 National Operational Amplifiers/Buffers 

Semiconductor 


LH24250/LH24250C Dual Programmable 
Micropower Op Amp 


general description 

The LH24250/LH24250C series of dual program- 
mable micropower operational amplifiers are two 
LM4250 type op amps in a single hermetic pack- 
age. Featuring all the same performance character- 
istics of the LM4250, the LH24250/LH24250C 
duals also offer closer thermal tracking, lower 
weight, reduced insertion cost and smaller size 
than two single devices. For additional informa- 
tion, see the LM4250 data sheet and National's 
Linear Application Handbook. 


features 

■ ±1V to ±18V power supply operation 

■ Standby power consumption as low as 20 /iW 

■ Offset current programmable from less than 
0.5 nA to 30 nA 

■ Programmable slew rate 

■ May be shut-down using standard open collector 
TTL 

■ Internally compensated and short circuit proof 


connection diagram and auxiliary circuit 


NONINV^S 

INPUT 



Offset Null Circuit 


Order Number LH24250D or LH24250CD 
See Package D16C 



typical quiescent current setting resistor 


V s 

10 pA 

30 p A 

lOOp A 

300 p A 

±1.5 

1.5 MSI 

470 kSI 

150 kSI 


±3 

3.3 MSI 

1.1 msi 

330 kSi 

100 kSi 

±6 

7.5 MSI 

2.7 MSI 

750 kSI 

220 kSi 

±9 

13 MO 

4 MSI 

1.3 MSI 

350 kSI 

±12 

18 MSI 

5.6 MSI 

1.5 MSI 

510 kSi 

±15 

22 MSI 

7.5 MSI 

2.2 MSI 

620 kSi 



lEIKIIIIIIIIIIIII 


0 2 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE - V s (V) 
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LH24250/LH24250C 


absolute maximum ratings 


Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Voltage (Note 2) 
Input Voltage (Note 3) 

Output Short Circuit Duration 


4 18V 
500 mW 
* 15V 
4 15V 
' Continuous 


Operating Temperature Range 
LH24250 
LH24250C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


-55°C to + 125 C 
0°Cto +70°C 
-65° C to + 1 50°C 
300° C 


electrical characteristics - each side (Note 4) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH24250 

LH24250C 

Input Offset Voltage 

T a := 25°C. R s < lOOkS 2 

3.0 

.6.0 

mV M&x 

Input Offset Current 

T a = 25°C 

5 

10 

nA Max 

Input Bias Current 

T a - 25°C 

15 . . 

30 

nA Max 

Input Resistance 

T a = 25°C 

3 

3 

MS2 Mm 

Power Consumption 

T a - 25°C, V 0 - 0, R SE t = 2.7 

480 

600 

pW Max 

Large Signal Voltage Gain 

T a = 25°C, R l > 10 kfi 

100 

75 ... 

V/mV Min 

Input Offset Voltage 

R s > 10 kST 

4.0 

7.5 

mV Max 

Input Offset Current 


5 

15 

nA Max 

Input Bias Current 


15 

50 

nA Max 

Large Signal Voltage Gain 

R l > 10 kfi 

50 

50 

V/mV Mm 

Output Voltage Swing 

Rl > 10 kSl. V s - * 15V 

4 10 

4 10 

V Min 

Input Voltage Range 

T a = 25 C, V s jr 4 15V 

■ 4 12. 

4 12 

V Min 

Common Mode Rejection Ratio 

T a - 25 C, R s < 10 kS> 

70 

70 

dB Min 

Supply Voltage Rejection Ratio 

T A - 25 C, R s < 10kS2 

76 

76 

dB Min 


Note 1: Derate linearly 2 mW/°C case temperature above 25* C. 

Note 2: Th is rating applies to maximum voltage differential between input terminals. The maximum input voltage on either 
input terminal is limited to 4 V§ up to 4 15V. 

Note 3: This rating limited to 4 supply voltage to a maximum of 4 15V. 

Note 4: These specifications apply for Vg = i6V, l q = 30 /jA, and -55°C < T/\ < +125°C unless otherwise specified. With the 
LH24250C, however, all temperature specifications are limited to 0 C < T/\ < 70°C. 
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5 


National 
Semiconductor 

LM13080 Programmable Power Op Amp 


Operational Amplifiers/ Buffers 


General Description 

The LM13080 is an internally compensated medium 
power operational amplifier designed for use in those 
applications requiring load currents of several hundred 
milliamperes. This amplifier has the added advantage 
of having an input stage programmed with an external 
resistor. The user is able to optimize the amplifier 
performance for each individual application with this 
feature. Applications include servo amplifiers and 
drivers, high input impedance audio amplifiers, DC-> 
to-DC converters, precision power comparators which 
can either sink or source current and motor speed 
controls. 

The LM13080 may . be powered from either single or 
dual power supplies, and will operate from as little 
as 3V. 

As a power operational amplifier, the LM 13080 is 
capable of delivering 0.25A to a . load. This feature 
allows the system designer to fulfill his medium power 
circuit requirements without having to add external 


current boost transistors to the output of a standard 
operational amplifier. 

By selecting the proper input stage bias resistor it is 
possible to tailor the performance of the input stage 
to meet the needs of any particular system. Trade-offs 
between input offset voltage, input bias current and 
gain bandwidth are easily made. 

An unusual feature of the LM13080 is an electronic 
shut-down capability. 

Features 

■ High output current-250 mA 

■ Externally programmable input stage 

■ Low power supply operation— 3V 

■ Electronic shut-down capability 

■ Internally compensated for unity gain 

■ Low input bias current 


Schematic and Connection Diagrams 

Dual-In-Line Package (LM13080N) 



BIAS BIAS GNO GND 

< r set> 


TOP VIEW 

*Pin 6 can be connected to pin 10, if not, pin 6 must 
be left with no connection. 

Order Number LIVI13080P 
See NS Package P11A 
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Absolute Maximum Ratings 

Supply Voltage Operation Range 3V to 15V or Input Voltage Range, (Note 3) - -0.3Vto+15V 

±1.5V to ±7.5V Input Current (V|N< -0.3V), (Note 4) .. 20 mA 

Power Dissipation, (Note 1) Operating Temperature Range 0°C to +70°C 

Molded Dual-ln-Line Package (LM13080N) 1000 mW Storage Temperature Range • -65°C to +150°C 

Differential Input Voltage, (Note 2) 15V Lead Temperature (Soldering, 10 seconds) . 300°C 

EI©CtriC3l ChSrSCtGfiStiCS (Vs ^ 12V, R§ET = 080k, unless otherwise specified) 

PARAMETER 

CONDITIONS 

MIN 

TYP , 

MAX 

UNITS 

Input Offset Voltage. 

T A = 25°c, (Note 5) 


±3 

±7. 

mV 

Input Bias Current 

l|N(+) or l|N(— ),Ta = 25°C 


100 

400 

nA 

Input Offset Current 

I|N(+)-I|N(-).Ta = 25°C 


±30 

±75 

nA 

Supply Current 

RL = ?VTa = 25°C, (No,te6) 


3 

6 

mA 

Output Voltage Swing 

V S = ±6V, Ta = 25°C, (Note 1) 





Voh 

R 1_ = 5012 

4.5 

5 


V 


R L = 812 

2 



V 

VOL 

R l_ = 5012 


-5 

-4.5 

V 


R 1_ = 812 



-2 

V 

Large Signal Voltage Gain 

Vs = ±6V, Ri_ = 50ft, f = 100 Hz, 

3 

10 


V/mV 


Ta = 25° C 





Input Common-Mode Voltage 

V S < 15V, T A = 25°C, (Note 3) 

1 


Vs-1.5 

V 

Range 






Input Off se-t Voltage 

(Note 5) 



±10 

mV 

Input Offset Voltage Drift 



5 


juV/°C 

Input Bias Current . 

l|N(+) °r 1 IN(— ) 



600 

nA 

Input Offset Current 

1|N(+) - l|N(— ) 



±150 

nA 

Input Offset Current Drift J 



50 


pA/° C 

Supply Current 

R[_ = °°, (Note 6) 



8 

mA 

Output Voltage Swing 

Vg = ±6V, (Note 1) 





• voh 

R L = 5012 



4 

V 


R l = 812 



1.6 

V 

VOL 

R L = 5012 

-4 



V 


R|_=812 

-1.6 



V 

Large Signal Voltage Gain 

V$ = ±6V, R L = 5012, f = 100 Hz 

1 



V/mV 

Input Common-Mode Voltage 

Vs < 15V, (Note 3) 

1.25 


Vs-1.75 

V 

Range 






Common-Mode Rejection Ratio 


63 

85 


dB 

Total Harmonic Distortion 

R l =812, Vq = 2 Vrms, 


0.5 

5 

% 


f = 1 kHz 





Note 1: For operation at high temperatures the LM13080 must be derated based on a maximum junction temperature of 150°C and a thermal 
resistance of 120° C/W. The thermal resistance value is for a package soldered into a printed circuit board and operating in a still air ambient. 

Note 2: Differential input voltages up to the magnitude of the power supply voltage will not damage the input circuitry. However, input voltages 
outside the input common-mode voltage range will not be able to properly control the output of the amplifier. 

Note 3: The input voltage applied to either input should not be allowed to go more than 0.3V below the potential applied to pin 4; however, 
either input can be taken as high as 15V without causing damage to the circuit. Input voltages below the minimum common-mode voltage range 
may cause a phase reversal in the output. 

Note 4: This input current will exist only when the voltage at either input lead is driven negative. It is due to the base-isolation junction of the 

PNP transistor tub becoming forward biased and thereby acting as an input diode clamp. In addition to this diode action, there is also lateral NPN 
parasitic action on the 1C chip. This transistor action can cause the output to take an undefined state for the time duration that an input is driven 
negative. 

Note 5: Vq = 6V, Rg = 0f2, and over the full input common-mode voltage range. 

Note 6: Supply current is measured with the amplifier connected in a unity gain follower configuration and the positive input set to one-half 
of the supply voltage. 
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Typical Performance Characteristics 


Offset Voltage 



f- FREQUENCY (Hz) 


LM13080 








L Ml 3080 


Typical Performance Characteristics (Continued) 


Slew Rate as Function of 


R$ET 



10k 100k 1M 1QM 

R S ET - SET RESISTANCE (fl) 


Supply Current 



Supply Current 

6 

5 

4 

3 

2 

1 

2 4 6 8 10 12 14 

V S - POWER SUPPLY VOLTAGE (V) 


r set 

r l = 
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Application Hints 

The LM 13080 is a power op amp capable of sourcing or 
sinking more than 250 mA which does not include 
internal current limit or thermal shut-down. Therefore, 
the user must make sure that his application will not 
exceed the power dissipation ratings of the package. 
The LM13080 is rated at a maximum power dissipation 
of 1000 mW, but this rating is for an ambient tempera- 
ture of 25°C. For operation at temperatures above 
25°C, the maximum dissipation must be derated using 
the equation: 


PD = 


tj-t a 

Oja 


(i) 


where Pq is the maximum allowable power dissipation, 
Tj is the maximum junction temperature (150°C), Ta 
is the ambient temperature and 0 ja is the thermal 
resistance of the package operated in a still air environ- 
ment (120°C/W). If the LM13080 is to be used in a 
70°C ambient then the maximum power that can be 
dissipated is: 


150°C-70°C 

120°C/W 


665 mW. 


The LM 13080 derives its ability to sink current through 
the use of a composite NPN/PNP output configuration. 
This local loop must be compensated by the. series 
connection of a 0.05 pF capacitor and a 10£2 resistor 
between the output of the op amp (pin 5) and the 
negative power supply (pin 4). The RC does not just 
filter out the oscillation from the output waveform 
but actually stabilizes the loop. 

If the inputs of the LM13080 are driven below the input 
common-mode voltage range, it is possible that the 
output will experience a phase reversal. This is parti- 
cularly true for the non-inverting input (V|N(+)). 
If either input is driven to a voltage level 0.3V below 
the substrate (pin 4) a parasitic NPN transistor will be 
turned ON. The emitter of this parasitic transistor is 
the normal input transistor epi (N-type, base) region, 
the base is the substrate (P-type) and the collector is 
every other epi region on the die. Circuit operation in 
this mode is unpredictable. If an input is forced below 
the substrate, the current flowing out of that input 
should be limited to 20 mA to insure that the amplifier 
will not be destroyed. 


Programming the LM13080 is accomplished by selecting 
the value of R$ET» the input stage bias resistor, to 
optimize the amplifier for each particular application. 
An example would be an application with low source 
resistance which requires a low offset voltage to make a 
precise DC measurement. By selecting an RsET °f 
100 kO, the normal offset voltage would be reduced to 
approximately one-fourth the value, it would be if a 
680k resistor was used. By studying the curves, it can be 
seen that the bias current will increase but an increase 
here has very little effect due to the small source imped- 
ance. It should also be noted that with a 100k input set 
resistor the gain bandwidth product will also increase, 
and in fact, the amplifier must be operated with a closed 
loop voltage gain of 6 to assure stability. 

The effect of RsET on the total quiescent supply current 
will be very small (Alg < 5% 1$) as long as RsET ' s 100k 
or greater. 

To employ electronic shut-down the output bias pin, 
pin 2, and the negative end of the input bias resistor, 
RSET, are connected to the negative power supply 
(or ground in a single power system) through a sat- 
urated NPN transistor (or other electronic switch). When 
the transistor is turned OFF, ail of the bias currents 
inside the op amp are turned OFF and all input and out- 
put terminals will float. When first turned ON, the out- 
put will take about 5 jus to reach the correct level. To 
insure that the LM13080 is OFF, leakage in the control 
device must be below the level that will allow pins 2 and 
7 to rise to within 0.4V of V + . 

Power supply rejection is a function of the change 
in voltage across the input bias resistor, R$ET- To 
improve the PSRR of the LM 13080, the user must 
be careful to bypass pin 7 to pin 6 or to establish a 
floating voltage referenced to the positive power sup- 
ply to serve as a connection point for R$ET- In applica- 
tions where PSRR is important, it is imperative that a 
supply bypass capacitor(s) be used. 

Because the LM 13080 is a power op amp, some amount 
of die heating should be expected. The curve of open 
loop frequency response shows the effect of thermal 
feedback on low frequency signals as the output load 
is increased. 
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Typical Applications 


LINE DRIVER 


The line driver circuit in Figure 1 is able to accept an 
unbalanced, high impedance input and convert it to a 
balanced output suitable for driving a low impedance 
line. This is particularly useful in an environment where 
magnetically induced hum or noise pickup is a problem. 
The outputs of the 2 LM 13080's are of opposite polarity; 
therefore, terminating the line with a balanced load 
(i.e., a differential amplifier or a transformer) will cause 
common-mode interference pickup to be cancelled. 

This circuit will drive a 20 Vp-p signal into a 50ft load 
for frequencies up to 10 kHz. Above 10 kHz the output 
signal is slew rate limited, but the line driver will Still 
supply a 13 Vp-p signal at 20 kHz. The voltage gain of 
the network is 2, and the low frequency roll-off is 
determined by: 

1 

fL 2 ttRC ’ 

It can be seen that if the load is connected directly 
between the outputs of the amplifiers, the line driver 


becomes a simple bridge amplifier capable of delivering 
2W into a 16ft load. 


PIEZOELECTRIC ALARM 


The piezoelectric alarm shown in Figure 2 uses a 3- 
terminal transducer (Gulton 101 FB or equivalent) to 
produce an 80 dB SPL alarm. 

The transducer has a feedback terminal which is con- 
nected to the non-inverting input of the LM13080, 
causing oscillation at the resonant frequency of the 
piezoelectric crystal. The alarm can be controlled 
through the use of the electronic shut-down feature of 
the amplifier. The 100k resistor and 0.1 juF capacitor 
are used to provide a reference voltage at the inverting 
input and to keep the duty cycle of the crystal oscilla- 
tion close to 50%. The RC time constant of this feed- 
back network should be much greater than the time 
constant of the transducer. 


6V 



OUTPUT {TO 
TWISTED PAIR) 


\ 


FIGURE 1. Line Driver — Unbalanced Input to Balanced Output 


9V 100k 
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Typical Applications (Continued) 

SIRENS LAMP FLASHER - RELAY DRIVER 


Two separate circuits for sirens are shown. The first, The LM 13080 is easily adaptable to such applications 

Figure 3, is a 2-state or ON-OFF type siren where the as low frequency warning devices. The output of the 

LM 13080 oscillates at an audio frequency and drives an oscillator is a squarewave that is used to drive lamps or 

812 speaker and the LM339 acts as a switch which small relays. As shown in Figure 5, the circuit alter- 

controls the audio burst rate. The second siren, Figure 4, nately flashes 2 incandescent lamps, 

provides a constant audio output but alternates between 
2 separate tones. The LM 13080 is set to oscillate at one 
basic frequency and this frequency is changed by adding 
a 200 k!2 charging resistor in parallel with the feedback 
resistor, R2. 



FIGURE 3. 2-State Siren 
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Typical Applications (Continued) 


MOTOR SPEED CONTROL 


The LM 13080 can be used to construct a very simple 
speed control for small motors requiring less than 0.5A 
start current. This circuit operates by impressing the 
multiple of a reference voltage across the motor, and 
then varying the reference by means of quasi-positive 
feedback to change the voltage across the motor any 
time the load on the motor changes. 

To understand the circuit operation, it is easiest to let 
the voltage at the cathode of diode D1, Figure 6, be the 
input voltage, V ||\j, to the system. Diode D1 is actually 
a level shift diode to bring V | f\j into the common-mode 
range of the amplifier. A reference voltage is established 
by the combined voltage drop through the 10£2 poten- 
tiometer, R3 and the reference diode, D2 and is applied 
to the non-inverting input of the LM 13080. Resistor 
R4 is a bias resistor used to keep D2 active. The 10k 
speed adjust potentiometer is 2 resistors in 1, where 
section R1 is the input resistance and section R2 is. the 
negative feedback resistance. It can be seen that the 
voltage impressed across the motor is equal to: . 


The positive feedback is developed as a change in the 
voltage across R3 due to the change in the motor current 
caused by a variation in the motor's load. Resistor R3 
is shown as a potentiometer so that the amount of posi- 
tive feedback can be adjusted for smooth operation of 
the motor. Capacitor Cl and resistor R5 serve as a filter 
for the reference voltage at the non-inverting input of 
the amplifier. 

VOLTAGE REGULATORS 

In normal, positive or negative regulator application 
such as those shown in Figure 7 and Figure 8, the 
LM 13080 has 2 major advantages over standard opera- 
tional amplifiers. The LM 13080 has its own on-chip pass 
device and in addition can either sink or source 250 mA 
of load current. 


V MOTOR : 


(V B E2 + '3R3) R2 



FIGURE 6. Motor Speed Control 




2V< V 0UT < (V, N — 2V) 


-1.5V > V 0 UT>- (V )N -2V) 


FIGURE 7. Positive Variable Voltage Regulator 


FIGURE 8. Negative Variable Voltage Regulator 
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LH0002/LH0002C 


5351 National 

Semiconductor 


Operational Amplifiers/Buffers 


LH0002/LH0002C Current Amplifier 


general description 

The LH0002/LH0002C is a general purpose thick 
film hybrid current amplifier that is built on a 
single substrate. The circuit features: 

■ High Input Impedance 400 k£2 

■ Low Output Impedance 6S2 

■ High Power Efficiency 

■ Low Harmonic Distortion 

■ DC to 30 MHz Bandwidth 

■ Output Voltage Swing that Approaches Supply 
Voltage 

■ 400 mA Pulsed Output Current 

■ Slew rate is typically 200V/jus 

■ Operation from ±5V to ±20V 

These features make it ideal to integrate with an 
operational amplifier inside a closed loop configu- 
ration to increase current output. The symmetrical 


output portion of the circuit also provides a low 
output impedance for both the positive and nega- 
tive slopes of output pulses. ; 

The LH0002 is available in an 8-lead low-profile 
TO-5 header; the LH0002C is also available in an 
8-lead TO-5, and a 10-pin molded dual-in-line 
package. 

The LH0002 is specified for operation over the 
-55° C to +125°C military temperature range. The 
LH0002C is specified for operation over the 0°C 
to +85°C temperature range. 

applications 

■ Line driver 

■ 30 MHz buffer 

■ High speed D/A conversion 

■ Instrumentation buffer 

■ Precision current source 


schematic and connection diagrams 



Dual-ln-Line Package 


Metal Can Package 


Pin numbers in parentheses denote pin 
connections for dual-in-line package. 




Order Number LH0002CN Order Number LH0002H or LH0002CH 
See Package N10B See Package H08A 


typical applications 

High Current Operational Amplifier 



SELECT CAPACITOR TO ADJUST 
TIME RESPONSE OF PULSE. 



•Previously called NH0002/NH0002C 
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absolute maximum ratings 





Supply Voltage ±22 V 

Power Dissipation Ambient 600 mW 

Input Voltage (Equal to Power Supply Voltage) 

Storage T emperature Range -65°C to + 1 50°C 

Operating Temperature Range LH0002 -55° C to +125°C 

LH0002C 0°C to +85° C 

Steady State Output Current ±100 mA 

Pulsed Output Current (50 ms On/1 sec Off) ±400 mA 




electrical characteristics (Notei) 





PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Voltage Gain 

R s = 10 k a, R L = 1.0 ka 

V IN = 3.0 V P p, f = 1.0 kHz 

T a = -55°C to 125°C 

.95 

.97 



AC Current Gain 

Vin = i o v rms 

f = 1.0 kHz 


40 


A/mA 

Input Impedance 

R s - 200 ka, V IN = 1.0 V rms , 
f = 1.0 kHz, R l = 1.0 kO 

180 

400 

- 

ka 

Output Impedance 

V, N = 1.0V rms/ f= 1.0 kHz 

R L = 50a, R s = 10 ka 

- 

6 

10 

a 

Output Voltage Swing 

R L = I.Oka.f = 1.0 kHz 

±10 

±11 

- 

V 

Output Voltage Swing 

V s = ±15V,V in = ±10V, R s <50a 

R L = 100a , T a = 25°C 

±9.5V 




DC Output Offset Voltage 

R s = 3oon, r l = i.o kn 

T A = -55°C to 125°C 

- 

±10 

±30 

mV 

DC Input Offset Current 

r s = io ka, r l = i.o ka 

T a = -55°C to 125°C 

- 

±6.0 

±10 

JiA 

Harmonic Distortion 

ViN = 5.0V rms ,f= 1.0 kHz 

R l = Ik 


0.1 

- 

% 

Rise Time 

R l = 50a, AV, n = lOOmV 


7 

12 

ns 

Positive Supply Current 

r s = io ka, r l = i ka 

- 

+6.0 

+10.0 

mA 

Negative Supply Current 

r s = io ka, r l = i ka 

- 

-6.0 

-10.0 

mA 

Note 1: Specification applies for T A = 25°C with + 12V on Pins 1 and 2; -12V on Pins 6 and 7 for the^ 
metal can package and +12V on Pins 1 and 2; -12V on Pins 4 and 5 for the dual-in-line package unless 
otherwise specified. The parameter guarantees for LH0002C apply over the temperature range of 0°C 
to +85°C, while parameters for the LH0002 are guaranteed over the temperature range -55°C 
to 125°C. 
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LH0002/LH0002C 


typical performance 



0 25 50 75 100 125 150 175 


TEMPERATURE 1°C) 


Frequency Response 





6.0 9.0 12.0 15.0 

SUPPLY VOLTAGE (±V) 



0 20 40 60 80 100 

TIME (ns) 


Negative Pulse 



TIME (ns) 



4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (iV) 
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National 

Semiconductor 


Operational Amplifiers/Buffers 


LH0021/LH0021C 1.0 Amp Power Operational Amplifier 
LH0041/LH0041C 0.2 Amp Power Operational Amplifier 


general description 

The LH0021/LH0021C and LH0041/LH0041C are 
general purpose operational amplifiers capable of 
delivering large output currents not usually asso- 
ciated with conventional 1C Op Amps. The LH0021 
will provide output currents in excess of one 
ampere at voltage levels of ±12V; the LH0041 
delivers currents of 200 mA at voltage levels 
closely approaching the available power supplies. 
In addition, both the inputs and outputs are pro- 
tected against. overload. The devices are compen- 
sated with a single external capacitor and are free 
of any unusual oscillation or latch-up problems. 

features 

■ Output current 1.0 Amp (LH0021) 

0.2 Amp (LH0041) 

■ Output voltage swing ±12V into 10ft {LH0021 ) 

±14V into 10012 (LH0041) 

■ Wide full power bandwidth 15 kHz 

■ Low standby power 100 mW at ±1 5V 

■ Low input offset 

voltage and current 1 mV and 20 nA 


■ High slew rate 3.0V /fxs 

■ High open loop gain 100 dB 


The excellent input characteristics and high out- 
put capability of the LH0021 make it an ideal 
choice for power applications such as DC servos, 
capstan drivers, deflection yoke drivers, and pro- 
grammable power supplies. 

The LH0041 is particularly suited for applications 
such as torque driver for inertial guidance systems, 
diddle yoke driver for alpha-numeric CRT displays, 
cable drivers, and programmable power supplies 
for automatic test equipment. 

The LH0021 is supplied in a 8 pin TO-3 package 
rated at 20 watts with suitable heatsink. The 
LH0041 is supplied in both 12 pin TO-8 (2.5 
watts with clip on heatsink) and a power 8 pin 
ceramic DIP (2 watts with suitable heatsink). The 
LH0021 and LH0041 are guaranteed over the 
temperature range of -55°C to +125°C while the 
LH0021C and LH0041C are guaranteed from -25°C 
to +85 U C 


schematic and connection diagrams 


v+ *sc+ 



'Rsc external on "G" and "K" packages. Rjc internal 
on "J” package. Offset Null connections available 
only on "G" package. 



Order Number 1 
LH0021K or LH0021CK 
See Package K08A 



Order Number 
LH0041G or LH0041CG 


See Package H12B 



top VIEW 

Order Number 
LH0041CJ 
See Package HY08A 


NOD INV 
’ INPUT 

Input 


comp 
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LH0021/LH0021C, LH0041/LH0041C 


absolute maximum ratings 








Supply Voltage 


±18V 






Power Dissipation 


See curves 






Differential Input Voltage 


±30V 






Input Voltage (Note 1) 


±15V 






Peak Output Current (Note 2 ) LH0021/LH0021C 

2.0 Amps 







LH0041/LH0041C 

0.5 Amps 






Output Short Circuit Duration (Note 3) 

Continuous 






1 Operating Temperature Range LH0021/LH0041 -55°C to +125°C 







LH0021C/LH0041C -25 C to +85 C 






Storage Temperature Range 

-65°C to +150°C 






Lead Temperature (Soldering, 10 sec) 

300 C 






dc electrical characteristics for lhoo2i/lhoo2ic (Note 4) 







LIMITS 


PARAMETER 

CONDITIONS 

LH0021 

LH0021C 

UNITS 



MIN 

TYP 

MAX 





Input Offset Voltage 

R s < ICCn, T c = 25°C 


1.0 

3.0 


30 

6.0 

mV 


R s < 100S2 



5.0 



7.5 

mV 

Voltage Drift with Temperature 

R s < toon 


3 

25 


5 

30 

pV/"C 

Offset Voltage Drift with Time 

. 


5 



5 


/iV/ week 

Offset Voltage Change with Output Power 



5 

15 


5 

20 

AtV/watt 

Input Offset Current 

T c = 25°C 


30 

100 


50 

200 

nA 



' 


300 



500 

nA 

Offset Current Drift with Temperature 



01 

tl.O 


0.2 

1.0 

nA/"C 

Offset Current Drift with Time 



2 



2 


nA/week 

Input Bias Current 

T c = 25°C 


100 

300 


200 

500 

nA 





1.0 



1.0 

PA 

Input Resistance 

T c = 25°C 

0.3 

1.0 


0.3 

1.0 


MS2 

Input Capacitance 



3 



3 


pF 

Common Mode Rejection Ratio 

r s < toon, AV CM = MOV 

70 

90 


70 

90 


dB 

Input Voltage Range 

' V s = r 15V 

112 



112 



V 

Power Supply Rejection Ratio 

R s < 1000, AV S = -10V 

80 

96 


70 

90 


dB 

Voltage Gain 

V s = H5V. Vo = ±10V 

R l = 1 kS>.T c = 25° C, 

V s = H5V, V Q = ±10V 

100 

200 


100 

200 


V/mV 


r l = loon. 

25 



20 



V/mV 

Output Voltage Swing : 

V S = ±15V, r l = 100f2 

i13.5 

14 


113 

114 


V 


V S = H5V, R l = ion, T C = 25°C 

ill 0 

112 


no 

112 


V 

Output Short Circuit Current 

V s = 115V, T c = 25' C,R sc * 0.5n 

0.8 

1.2 

1.6 

0.8 

1.2 

1.6 

Amps 

Power Supply Current 

V s = ±15V, V OUT = 0 


2.5 

3.5 


3.0 

4.0 

mA 

Power Consumption < , 

V s = 115V, V OUT = 0 


75 

105 


90 

120 

mW 

ac electrical characteristics for lhoo2i/lhoo2ic (t a = 25°c, v s 

= ±15V, 

C c = 3000 pF) 

Slew Rate 

A v = +1. R l = lOOtt 

.0.8 

3.0 



|^1 


V/*ts 

Power Bandwidth 

R t = ioon 


20 



■ 


kHz 

Small Signal Transient Response 



■ . 

1.0 



1.5 

PS 

Small Signal Overshoot 



■ 

20 


■ 

30 

% 

Settling Time (0.1%) 

AV, n = 10V, A v = +1 


■ . . 



9 . 


Ms 

Overload Recovery Time 






■ 


Ms 

Harmonic Distortion 

f = 1 kHz. P Q = 0.5W 







% 

Input Noise Voltage 

R e = 50n, B.W. = 10 Hz to 10 kHz 


5 



9 


MV rms 

Input Noise Current 

B.W. = 10 Hz to 10 kHz 


0.05 





nA rms 
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dc electrical characteristics tor lhoo4i/lhoo4ic (Note4) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH0041 

LH0041C 

Til 51 

KEZ9 

BXX9 

BO 

bob 

BEES 

Input Offset Voltage 

r s < toon. T a = 25 C 



■[ 

■IB 

iBB 

WM 

mV 


r s < iooft 



5.0 



1 5 

mV 

Voltage Drift with Temperature 

r s <; loon 


3 



5 


uvrc 

Offset Voltage Drift with Time 



5 



5 


pV/week 

Offset Voltage Change with Output Power 



15 



15 


pV/watt 

Offset Voltage Adjustment Range 

(Note 5) 


20 



20 


mV 

Input Offset Current 

T A = 25 C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Current Drift with Temperature 



0.1 

1.0 


02 

1.0 

nA/°C 

Offset Current Drift with Time 



2 



2 


nA/week 

Input Bias Current 

T a = 25 C 


100 

300 


200 

500 

nA 





1 0 



1.0 

pA 

Input Resistance 

T a = 25'C 

0.3 

1.0 


0.3 

1.0 


Mft 

Input Capacitance 



3 



3 


pF 

Common Mode Rejection Ratio 

R s < 100 ft, AV CM * iiov 

70 

90 


70 

90 


dB 

Input Voltage Range 

V s = 1 15V 

M2 



M2 



V 

Power Supply Rejection Ratio 

R s ^ 100ft, AV S = ±10V 

80 

96 


70 

90 


dB 

Voltage Gain 

V s = H5V, V Q = ±10V 









R L = 1 kft. T A = 25 c 'C 

100 

200 


100 

200 


V/mV 


V S =±15V, V o = i10V 









R l = 100ft 

25 


i 

20 



> 

6 

> 

Output Voltage Swing 

V s = 115V, R l = 100ft 

i130 

14.0 


M3.0 

1140 


V 

Output Short Circuit Current 

V s = M5V. T A -25°C 


200 

300 


200 

300 

mA 


(Note 61 








Power Supply Current 

V s = ±15V, V OUT = 0 ' 


2.5 

3.5 


3.0 

4.0 

mA 

Power Consumption 

V s = ±15V. Vqut = 0 


,75 

105 


90 

120 

mW 


ac electrical characteristics for lhoo4i/lhoo4ic (t a = 25°c, v s = ±i5v,c c = 30 oo p f) 


Slew Rate 

A v = +1, R l = 100ft 

1.5 

3.0 


1.0 

30 


V/ps 

Power Bandwidth 

R l = 100ft 


20 



20 


kHz 

Small Signal Transient Response 



0.3 

1.0 


0.3 

1.5 

PS 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1%) 

A V 1N = 10V, A v = +1 


4 



4 


PS 

Overload Recovery Time 



3 



3 


PS 

Harmonic Distortion 

f = 1 kHz. P Q = 0.5W 


02 



0.2 


% 

Input Noise Voltage 

R s ■ 50ft, B.W. = 10 Hz to 10 kHz 


5 



5 


pV/rms 

Input Noise Current 

B W. = 10 Hz to 10 kHz 


0.05 



005 


nA/rms 


Note 1: Rating applies for supply voltages above ±15V. For supplies less than i15V, rating is equal to supply voltage. 

Note 2: Rating applies for LH0041 G and LH0021 K with Rgc = Oft. 

Note 3: Rating applies as long as package power rating is not exceeded. 

Note 4: Specifications apply for ±5V < Vg ±18V, and -55°C < Tq = < 125°C for LH0021K and LH0041G, and -25°C < 
T C <, +85°C for LH0021CK, LH0041CG and LH0041CJ unless otherwise specified. Typical values are for 25 U C only. 

Note 5: TO-8 "G" packages only. 

Note 6: Rating applies for "J" DIP package and for TO-8 "G" package with Rgc = 3.3 ohms. 
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LH0021/LH0021 C, LH0041/LH0041C 

















CURRENT <nA) 


typical performance characteristics (con't) 
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LH0021/LH0021 C, LH0041/LH0041C 










auxiliary circuits 



LH0021 Unity Gain Circuit with 
Short Circuit Limiting 


LH0041G Unity Gain with 
Short Circuit Limiting 



LH0041/LH0021 Offset Voltage Null Circuit 
(LH0041CJ Pin Connections Shown)* 





LH0041G Offset Voltage Null Circuit 




Operation from Single Supplies 




LH*4,C ->*-0 OUTPUT 


Operation from Non-Symmetrica! Supplies 


*For additional offset null circuit techniques see National Linear Applications Handbook. 
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LH0021/LH0021 C, LH0041/LH0041C 





LH0022/LH0022C, 

LH0042/LH0042C, LH0052/LH0052C 


National 

mSA Semiconductor 


Operational Amplifiers/Buffers 


LH0022/LH0022C High Performance FET Op Amp 
LH0042/LH0042C Low Cost FET Op Amp 
LH0052/LH0052C Precision FET Op Amp 

general description 


The LH0022/LH0042/LH0052 are a family of 
FET input operational amplifiers with very closely 
matched input characteristics, very high input 
impedance, and ultra-low input currents with no 
compromise in noise, common mode rejection 
ratio, open loop gain, or slew rate. The internally 
laser nulled LH0052 offers 500 microvolts maxi- 
mum offset and 5p\l/°C offset drift. Input offset 
current is less than 500 femtoamps at room tem- 
perature and 100 p A maximum at 125°C. The 
LH0022 and LH0042 are not internally nulled but 
offer comparable matching characteristics. All de- 
vices in the family are internally compensated and 
are free of latch-up and unusual oscillation prob- 
lems. The devices may be offset nulled with a 
single 10k trimpot with neglible effect in CMRR. 

The LH0022, LH0042 and LH0052 are specified 
for operation over the -55°C to +125°C military 
temperature range. The LH0022C, LH0042C and 
LH0052C are specified for operation over the 
-25°C to +85°C temperature range. 

features 

■ Low input offset current— 500 femtoamps max. 

(LH0052) 


schematic and connection diagrams 


■ Low input offset drift-5pV/ C max (LH0052) 

■ Low input offset voltage — 100 microvolts- typ. 

■ High open loop gain - 100 dB typ. 

■ Excellent slew rate - 3.0 V/jUs typ. 

■ Internal 6 dB/octave frequency compensation 

■ Pin compatible with standard 1C op amps (TO-5 
package) 

The LH0022/LH0042/LH0052 family of 1C op 
amps are intended to fulfill a wide variety of appli- 
cations for process control, medical instrumenta- 
tion, and other systems requiring very low input 
currents and tightly matched input offsets. The 
LH0052 is particularly suited for long term high 
accuracy integrators and high accuracy sample 
and hold buffer amplifiers. The LH0022 and 
•LH0042 provide low cost high performance for 
such applications as electrometer and photocell 
amplification, pico-ammeters, and high input im- 
pedance buffers. 

Special electrical parameter selection arid custom 
built circuits are available on special request. 

For additional application information and infor- 
mation on other National operational amplifiers, 
see Available Linear Applications Literature. 




Order Number LH0022D, 
LH0022CD, LH0042D, LH0042CD, 
LH0052D or LH0052CD 
See Package D14E 

Metal Can Package 



Order Number LH0022H, LH0022CH, 
LH0042H, LH0042CH, 
LH0052H or LH0052CH 
See Package H08A 


* Previously Called NH0022/NH0022C 




Input Offset Voltage 


Temperature Coefficient of 
Input Offset Voltage 

Offset Voltage Drift with Time 
Input Offset Current 

Temperature Coefficient of 
Input Offset Current 

Offset Current Drift with Time 
Input Bias Current 

Temperature Coefficient of 
Input Bias Current 

Differential Input Resistance 
Common Mode Input Resistance 
Input Capacitance 
Input Voltage Range 
Common Mode Reaction Ratio 
Supply Voltage Rejection Ratio 
Large Signal Voltage Gam 


R s < 100 kSl; T a = 25°C, 
V s = ±15V 

R s <100 k£2, V S .= ±15V 

















LH0022/LH0022C, 

LH0042/LH0042C, LH0052/LH0052C 


dc electrical characteristics for lhoo42/lhoo42c (Note 3) 





(V s = ±15V, unless otherwise specified) 












LIMITS 


PARAMETER 


CONDITIONS 

LH0042 

1 LH0042C 

UNITS 





TYP 

lEEvli 

IB 

TYP 



Input Offset Voltage 

R s < 100 kfi 


50 

20 


6 0 

20 

mV 

Temperature Coefficient of 

P 

100 kfi 


5 



10 



pV/" C 

Input Offset Voltage 











Offset Voltage Drift with Time 




7 



10 



pV/week 

Input Offset Current 

(Note 4) 


1 

5 


2 


10 

pA 

Temperature Coefficient of 



Doubles every ICC 

Doubles every 10 C 

i 

Input Offset Current 











Offset Current Drift with Time 




0.1 



0 1 



pA/week 

Input Bias Current 

(Note 4) 


10 

25 


15 


50 

pA 

Temperature Coefficient of 



Doubles every 10*C 

I Doubles every 10 W C 


Input Bias Current 











Differential Input Resistance 




to' 2 



10 13 



S2 

Common Mode Input Resistance 




,0 12 



,0 12 


il 

Input Capacitance 




40 



40 


PF 

Input Voltage Range 



112 

1135 


112 

H35 



V 

Common Mode Rejection Ratio 


s <, 10kSI. V IN = ilOV 

70 

86 


70 

80 



dB 

Supply Voltage Rejection Ratio 


s^lOkO. 15V^V S <115V 

70 

86 


70 

80 



dB 

Large Signal Voltage Gain 


L - 1 kn.V OUT = ±10V 

50 

150 


25 

100 



V/mV 

Output Voltage Swing 

P 

i = 1 kfi 

*10 

112.5 


‘10 

112 



V 

Output Current Swing 

V OUT = ±10V 

no 

115 


no 

115 



mA 

Output Resistance 




/S 



75 



il 

Output Short Circuit Current 




20 



20 



mA 

Supply Current 




2.5 

3.5 


28 


40 

mA 

Power Consumption 





105 




120 

mW 

dc electrical characteristics For lhoo52/lhoo52c (Note. 3) 




LIMITS | 


PARAMETER 


CONDITIONS 

LH0052 1 

LH0052C | 

UNITS 




ui 

nai 

mmi 

Oi 

BBI 



Input Offset Voltage 


Rs <j 100 kf2. V s = i15V. 


0 1 

05 


02 


1 0 

mV 



T A = 25°C 











R s < 100 kf2. V s = t15V 



1 0 




1 5 

mV 

Temperature Coefficient of 


R s < 100 kf2, V s = H5V 


2 

5 


5 


10 

pV C 

Input Offset Voltage 











Offset Voltage Drift with Time 



2 



4 



pV week 

Input Offset Current 


(Note 4) 


0 01 

0.5 


0 02 


1 0 

pA 






100 




100 

pA 

Temperature Coefficient of 



Doubles every 10°C 

Doubles every 10°C 


Input Offset Current' 











Offset Current Drift with Time 



<6 1 



<0 1 



pA week 

Input Bias Current 


(Note 4) 


05 

2.5 


1 0 


50 

pA 






2.5 




0.5 

nA 

Temperature Coefficient of 



Doubles every 10° C 

Doubles every 10°C 


Input Bias Current 



' 








Differential Input Resistance 




,0 12 



10 12 



n 

Common Mode Input Resistance 



10 12 



10 12 


- 

n ■ 

Input Capacitance 




4 0 



. 40 



PF 

Input Voltage Range 


V s = 115V 

1,2 

‘135 


112 

1,35 



V 

Common Mode Rejection Ratio 

R s < lOkl*. V,m = ilOV 

74 

90 


70 

90 



dB 

Supply Voltage Rejection Ratio 

R s < lOkft. i5V£ V S -£H5V 

74 

90 


70 

90 



dB 

Large Signal Voltage Gam 


R l = 2 kS2. V OUT = ilOV. 

100, 

200 


75 

160 



V 'mV 



V s = H5V, T a = 25°C 











R L * 2 kfi. V ouT = 110V, 

50 



50 




V 'mV 



V s = 115V 









Output Voltage Swing 


R l - 1 kfi. T a = 25C 

‘10 

♦125 


no’ 

♦12 



V 



V s = 115V 











R L = 2kS2. V s = 115V 

‘10 



no 




V 

Output Current Swing 


Vout = H0V, T a = 25° C 

‘10 

115 


no 

‘15 



mA 

Output Resistance 




75 



75 



S7 

Output Short Circuit Current 




25 



25 



mA 

Supply Current 


V s = 115V 


3.0 

3.5 


3.0 


3.8 

mA 

Power Consumption 


V s = 115V 



105 




114 

mW 
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ac electrical characteristics For aii amplifiers (T A = 25°c,v s = ±i5V) 



Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: Rating applies for minimum source resistance of 10 kfi, for source resistances less than 10 kfl. maximum differential 
input voltage : s ±5V. 

Note 3: Unless otherwise specified, these specifications apply for ±5V < Vg < ±20V and -55° C T A < 1 125°C for the 
LH0022 and LH0052 and -25° C < T A < +85°C for the LH0022 and LH0052C Typical values are given for T A = 25°C. 

Note 4: Input currents are a strong function of temperature. Due to high speed testing-they are specified a junction temperature 
T; = 25° C, self heating will cause an increase in current in manual tests. 


auxiliary circuits (shown for TO-5 pin out) 


fet X 6 

OP AMP 



Protecting Inputs From t150V Transients 



LH0002 X—~0 OUTPUT 


Boosting Output Drive to ± 100 mA 


typical applications 


j _ GUAflO 


-1 . ; r 

ZL 



X 


toc> * | 

d 




| ronrsimut 

Low Drift Sample and Hold 


Precision Voltage Comparator 
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LH0022/LH0022C, 

LH0042/LH0042C, LH0052/LH0052C 











LH0022/LH0022C, 

LH0042/LH0042C, LH0052/LH0052C 
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COMMON MODE INPUT VOLTAGE RANGE (*V) EQUIVALENT INPUT OFFSET VOLTAGE (mV) INPUT BIAS CURRENT (pA) POWER DISSIPATION (mW) 



LH0022/LH0022C, 

LH0042/LH0042C, LH0052/LH0052C 












LH0022/LH0022C, 

LH0042/LH0042C, LH0052/LH0052C 


typical performance characteristics (con't) 


Supply Voltage vs 
Supply Current 



4 6 8 ID 12 14 16 18 



S 10 15 20 


Output Swing vs Supply 
Voltage 



SUPPLY VOLTAGE (*V) 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE ( V) 


Output Voltage Swing 
vs Load Resistance 



0.1 0.2 0.5 1.0 2.0 5.0 10 

LOAD RESISTANCE (kfi) 



0 5 10 15 20 25 30 

OUTPUT CURRENT <±mA) 


Output Voltage Swing vs 
Frequency 









T A = 25 C li 








































L 









> 











lL 



Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Voltage Follower Large 
Signal Response 



0 2 4 6 8 10 

TIME (ns) 


T ransient Response 



0 .200 .400 .600 .800 1 


Frequency Characteristics vs 
Ambient Temperature 



-60 -20 20 60 100 140 


T0i») 


TEMPERATURE (°C) 


Frequency Characteristics vs 
Supply Voltage 



5 10 15 20 


Output Resistance vs 
Frequency 


Open Loop Transfer 
Characteristics vs Frequency 



SUPPLY VOLTAGE (±V) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


3-254 




JffiM National Operational Amplifiers/Buffers 

mm Semiconductor 

LH0024/LH0024C High Slew Rate Operational 
Amplifier 


general description 

The LH0024/LH0024C is a very wide bandwidth, 
high slew rate operational amplifier intended to 
fulfill a wide variety of high speed applications 
such as buffers to A to D and D to A converters 
and high speed comparators! The device exhibits 
useful gain in excess of 50 MHz making it possible 
to use in video applications requiring higher gain 
accuracy than is usually associated with such 
amplifiers. 

features 

■ Very high slew rate - 500 V//is at Av = +1 

■ Wide small signal bandwidth — 70 MHz 

■ Wide large signal bandwidth — 15 MHz 

■ High output swing - ±12V into IK 


■ Offset null with single pot 

■ Low input offset - 2 mV 

■ Pin compatible with standard 1C op amps 


The LH0024/LH0024C's combination of wide 
bandwidth and high slew rate make it an ideal 
choice for a variety of high speed applications 
including active filters, oscillators, and 'compara- 
tors as well as many high speed general purpose 
applications. 

The LH0024 is guaranteed over the temperature 
range -55°C to +125°C, whereas the LH0024C 
is guaranteed -25°C to +85°C. 


schematic and connection diagrams 


COMP/NUU 



Metal Can Package 


COMP NULL 



rorvicw 

Note: For heit sink use 
Thermalloy 2230-5 series. 

Order Number LH0024H or LH0024CH 
See Package H08B 


typical applications 
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LH0024/LH0024C 






LH0024/LH0024C 


absolute maximum ratings 


Supply Voltage 
Input Voltage 
Differential Input Voltage 
Power Dissipation 

Operating Temperature Range LH0024 
LH0024C 

Storage T emperature Range 

Lead Temperature (Soldering, 10 sec) 


±18V 
Equal to Supply 
±5V 
600 mW 
-55°C to +125°C 
-25°C to +85°C 
-65°C to +150°C 
300°C 


dc electrical characteristics (Notei) 


PARAMETER 

CONDITIONS 

LH0024 

LH0024C 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R s = 5012, T a = 25°C 


2.0 

■9 


5.0 

8.0 

mV 


Rs = son 






10.0 

mV 

Average T emperature 

V S = ±15V, R s = 50H 


-20 



-25 


*iV/° C 

Coefficient of Input 
Offset Voltage 

-55°C to 125°C 








Input Offset Current 

T a - 25°C 


2.0 

5.0 


4.0 

15.0 

AtA 





10.0 



20.0 

HA 

Input Bias Current 

T a = 25°C 


15 

30 


18 

40 . 

, »A 





40 



5Q 

,»A 

Supply Current 



12.5 

15 


12.5 

15_ 

mA 

Large Signal Voltage 

V s = ±15V, R l = Ik, T A = 25° C 

4 

5 


3 

4 


V/mV 

Gain 

V S = ±15V, R l = Ik 

3 



2.5 



V/mV 

Input Voltage Range 

V S = ±15V 

±12 

±13 


±12 

±13 


V 

Output Voltage 

V s = ±15V, R l = Ik, T a = 25° C 

±12 

±13 


±10 

±13 


V 

Swing 

V S = ±15V, R l = Ik 

±10 



±10 



V 

Slew Rate 

V s = ±15V, R L = Ik, 

Ci = C 2 = 30 pF 

A v = +1, T A = 25°C 


500 


250 

400 


V/US 

Common Mode 

V s = ±15V, AV IN = ±10V 


60 



60 


dB 

Rejection Ratio 

R s = son 








Power Supply 

±5V^ V S ^±18V 


60 



60 


dB 

Rejection Ratio 

R s = son 









Note 1: These specifications apply for V§ * ±15V and -55°C to +125°C for the LH0024 and -25°C to +85°C for the LH0024C. 


frequency compensation 

TABLE I Frequency Compensation Circuit 


u 



CLOSED 
LOOP GAIN 

C, 

C 2 

c 3 

100 

0 

0 

0 

20 

0 

0 

0 

10 

0 

20 pF 

1 pF 

1 

30 pF 

30 pF 

3 pF 
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typical performance characteristics 


Maximum Power Dissipation 



0 25 50 75 100 125 150 


TEMPERATURE (°C) 


Large Signal Frequency 
Response 



1 OK 100K 1M 10M 100M 

FREQUENCY (Hz) 


Open Loop Frequency 
Response 



10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 


Vs -'±15' 

T. =?5°C 


Cl = C2 = 30 pF 
R, = IK 


jL 




+1 




r 








| 

r 








/ 





1 




J 





\ 









X 

t 




0 log 200 300 400 500 

TIME (ns) 


Input Voltage vs Supply 
Voltage 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Voltage Swing 



0 5 10 15 20 

SUPPLY VOLTAGE ( V) 


Supply Current vs Supply 
Voltage 



46 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 


Input Bias Current vs Voltage 


25 

| 20 

« 15 
cc 
=> 
u 

2 10 










T 

= -5b C 












I 







T a = +25 C 





1 1 






Ta = + 

125 C 



— - 




















i 


8 10 12 14 16 18 

SUPPLY VOLTAGE (iV) 


applications information 

1. Layout Considerations 

The LH0024/LH0024C,like most high speed cir- 
cuitry, is sensitive to layout arid stray capacitance. 
Power supplies should be by-passed as near the 
device as is practicable with at least .01 /jF disc 
type capacitors. Compensating capacitors should 
also be placed as close to device as possible. 

2. Compensation Recommendations 

Compensation schemes recommended in Table 1 
work well under typical conditions. However, poor 
layout and long lead lengths can degrade the per- 
formance of the LH0024 or cause the device to 
oscillate. Slight adjustments in the values for 
Cl, CZ, and C3 may be necessary for a given 
layout. In particular, when operating at a gain of 


-1, C3 may require adjustment in order to per- 
fectly cancel the input capacitance of the device. 

When operating the LH0024/LH0024C at a gain 
of +1, the value of R1 should be at least IK ohm. 

The case of the LH0024 is electrically isolated from 
the circuit; hence, it may be advantageoqs to drive 
the case in order to minimize stray capacitances. 

3. Heat Sinking 

The LH0024/LH0024C is specified for operation 
without the use of an explicit heat sink. However, 
internal power dissipation does cause a significant 
temperature rise. Improved offset voltage drift 
can be obtained by limiting the temperature rise 
with a clip-on heat sink such as the Thermalloy 
2228B or equivalent. 
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LH0024/LH0024C 




a 


National 

Semiconductor 


Operational Amplifiers/Buffers 


LH0032/LH0032C Ultra Fast FET Operational 
Amplifier 


general description 

The LH0032/LH0032C is a high slew rate, high 
input impedance differential operational amplifier 
suitable for diverse application in fast signal handl- 
ing. The high allowable differential input voltage, 
ease of output clamping, and high output drive 
capability particularly suit it for comparator appli- 
cations. It may be used in applications normally 
reserved for video amplifiers allowing the use of 
operational gain setting and frequency response 
shaping into the megahertz region. 


features 

• High slew rate 

■ High bandwidth 

■ High input impedance 


500 V/jlis 
70 MHz 
10 12 £2 


■ Low input bias current 20 pA max 

■ Offset null with single pot 

■ Low input offset voltage 2 mV max 

■ No compensation for gains above 50 


The LH0032's wide bandwidth, high input imped- 
ance and high output capacity make it an ideal 
choice for applications such as summing amplifiers 
in high speed D to A's, buffers in data acquisition 
systems, and sample and hold circuits. Additional 
applications include high speed integrators and 
video amplifiers. The LH0032 is guaranteed over 
the temperature range -55°C to +125°C and the 
LH0032C is guaranteed from -25°C to +85°C. 











absolute maximum ratings 

Supply Voltage ±18V 

Input Voltage ±V S 

Differential Input Voltage ±30V 

Power Dissipation See curve 

Operating Temperature Range LH0032 -55°C to +125°C 

LH0032C -25°C to +85° C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


dc electrical characteristics (Notei) 


PARAMETER 

Input Offset Voltage 


Average Offset Voltage Drift 
Input Bias Current 


Input Offset Current 


Large Signal Voltage Gain 


CONDITIONS 

Tj = 25° C (Note 3) 


Tj = 25° C (Note 3) 
Tj = 25° C (Note 3) 


LH0032 LH0032C 

MIN I TYP I MAX MIN I TYP I MAX 


Input Voltage Range 

Output Voltage Swing. R L = 1 kH 

Power Supply Rejection Ratio AV S = ±10V 
Common Mode Rejection Ratio AV| N = 10V 
Supply Current Tj = 25° C 


15 mV 

20 mV 


10 100 
50 


10 50 

5 


VouT = ±10V. f = 1 kHz, R l = 1 kS2, 60 70 

Tj = 25° C 


Vqut = ±10V. f = 1 kHz, R 



PARAMETER 


Slew Rate 

Settling Time to 1% of Final Value 
Settling Time to 0.1% of Final Value 
Small Signal Rise Time 
Small Signal Delay Time 


CONDITIONS 


A v = +1,AV in = 20V 
A v = -1, AV in = 20V 
A v = -1 , AV,n = 20V 
A v = +1,AV 1N = IV 
A v = +1, AV,n = IV 



TYP 

MAX 

UNITS 

500 


V/fi s 

100 


ns 

300 


ns 

8 

20 

ns 

10 

25 

ns 


Note 1: These specifications apply at Vg = ±15V and over -55°C to +125°C for the LH0032 and -25°C to +85°C for the 
LH0032C, unless otherwise specified. 

Note 2: These specifications apply for V§ = ± 15V, = 1 kn and Tj = 25° C 

Note 3: Due to high speed automatic testing, these parameters are correlated to junction temperature. 
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LH0032/LH0032C 

















LH0032/LH0032C 


typical performance characteristics (con’t) 


Maximum Power Dissipation 


Large Signal Pulse Response 


Large Signal Pulse Response 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 



0 100 200 300 400 500 

TIME (ns) 



0 100 200 300 400 500 

TIME (ns) 


Bode Plot (Uncompensated) 


uni 

mu 

m 


iiliiliSi 

mill 

ii 


HUBS 

iirnn 

ii 


mill 

■tf! 

m 


IIIIIII II 

■ii»i i 

m 

11 

mu 

■n 

Hill 


111 

Hill 

mu 

iiiii 

II 

a 

urn 

■in 

n mu 

II 

a 


10k 100k 1M 10M 10QM 

FREQUENCY (Hz) 


Bode Plot 

(Unity Gain Compensation) 


Hlllllllllllll 

mi iiiiiii niiii 

mi ainii in 

Bill Mill 
ilii niiii m 

in mm 

llll IIIIIIIMI 
llll IIIIIII 


10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


Large Signal Frequency 
Response 


0 || 18 
45 £ « 16 


- i i 14 

135 S £ 12 
t 10 


10 100 1M 10M 

FREQUENCY (Hz) 


Input Voltage Range 



Output Swing 


4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (iV> 



5 10 15 

SUPPLY VOLTAGE <±V) 


Supply Current vs Supply 
Voltage 


SUPPLY VOLTAGE (±V) 


Input Bias and Offset Current 
vs Temperature 


Common Mode Rejection 
Ratio vs. Frequency 



Total Input Noise Voltage 
vs. Frequency* 



25 45 65 85 105 125 10k 101 

TEMPERATURE ( 0 

* Noise voltage includes contribution from source resistance. 


10k 100k 1M 10M 100M 

FREQUENCY (Hz) . 


100 1 Ik 

FREQUENCY (Hz) 
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LH0032/LH0032C 




LH0032/LH0032C 


typical applications (con't) 


High Speed Sample and Hold 





Use polystyrene dielectric for minimum drift. 


Current Mode Multiplexer 



applications information 

Power Supply Decoupling 

The LH0032/LH0032C like most high speed cir- 
cuits is sensitive to layout and stray capacitance. 
Power supplies should be by-passed as near to 
Pins 10 and 12 as practicable with low inductance 
capacitors such as 0.01 /iF disc ceramics. Compen- 
sation components should also be located close to 
the appropriate pins to minimize stray reactances. 


Input Capacitance 

The input capacitance to the LH0032/LH0032C is 
typically 5 pF and thus may form a significant 
time constant with high value resistors. For opti- 
mum performance, the input capacitance to the 
inverting input should be compensated by a small 
capacitor across the feedback resistor. The value 
is strongly dependent on layout and closed loop 
gain, but will typically be in the neighborhood of 
several picofarads. 


In the non-inverting configuration, it may be 
advantageous to bootstrap the case and/or a guard 
conductor to the inverting input. This serves both 
to divert leakage currents away from the non- 
inverting input and to reduce the effective input 
capacitance. A unity gain follower so treated will 
have an input capacitance under a picofarad. 

Heat Sinking 

While the LH0032/LH0032C is specified for opera- 
tion without any explicit head sink, internal power 
dissipation does cause a significant temperature 
rise. Improved bias current performance can thus 
be obtained by limiting this temperature rise with 
a small head sink such as the Thermalloy No. 2241 
or equivalent. The case of the device has no inter- 
nal connection, so it may be electrically connected 
to the sink if this is advantageous. Be aware, how- 
ever, that this will affect the stray capacitances 
to all pins and may thus require adjustment of 
circuit compensation values. 
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National 

Semiconductor 


Operational Amplifiers/Buffers 


LH0033/LH0033C, LH0063/LH0063C Fast and Damn Fast 
Buffer Amplifiers 


general description 

The LH0033/LH0033C and LH0063/LH0063C are 
high speed, FET input, voltage follower/buffers 
designed to provide high current drive at fre- 
quencies from DC to over 100 MHz. The LH0033/ 
LH0033C will provide ±10 mA into 1 k!2 loads 
(±100 mA peak) at slew rates of 1500V//us. The 
LH0063/LH0063C will provide ±250 mA into 
5012 loads (±500 mA peak) at slew rates of up to 
6000V//is. In addition, both exhibit excellent 
phase linearity up to 20 MHz. 

Both are intended to fulfill a wide range of buffer 
applications such as high speed line drivers, video 
impedance transformation, nuclear instrumentation 
amplifiers, op amp isolation buffer for driving 
reactive loads and high impedance input buffers 
for high speed A to D's and comparators. In 
addition, the LH0063/LH0063C can continuously 
drive 5012 coaxial cables or be used as a diddle 
yoke driver for high resolution CRT displays. For 
additional applications information, see AN-48. 


advantages 

■ Only +10V supply needed for 5 V P . P video out 

■ Speed does not degrade system performance 

■ Wide data rate range for phase encoded systems 


■ Output drive adequate for most loads 

■ Single pre-calibrated package 


features 

■ Damn fast (LH0063) 6000V//is 

■ Wide range single or dual supply operation 

■ Wide power bandwidth DC to 100 MHz 

■ High output drive ±10V with 5012 load 

■ Low phase non-linearity 2 degrees 

■ Fast rise. times 2 ns 

■ High current gain 120 dB 

■ High input resistance 10 10 12 


These devices are constructed using specially 
selected junction FET's and active laser trimming 
to achieve guaranteed performance specifications. 
The LH0033 and LH0063 are specified for opera- 
tion from -55°C to +125°C; whereas, the LH0033C 
and LH0063C are specified from -25°C to +85°C. 
The LH0033/LH0033C is available in a 1.5W 
metal TO-8 package and a special 1/2x1 inch 8 
pin ceramic dual-in-line package while the LH0063/ 
LH0063C is available in a 5W 8-pin TO-3 package. 


connection diagrams 


Metal Can Package 



CASE IS ELECTRICALLY 
ISOLATED 

Order Number LH0033G or LH0033CG 
See Package H12B 


Dual-In-Line Package 



Order Number LH0033J or LH0033CJ 
See Package HY08A 


Metal Can Package 



CASE IS ELECTRICALLY 
ISOLATED 

Order Number LH0063K or LH0063CK 
See Package K08A 




LH0033/LH0033C, LH0063/LH0063C 


absolute maximum ratings 








Supply Voltage (V 1 V") 

40V 

Peak Output Current 





| Maximum Power Dissipation (See Curves) 


LH0063/LH0063C 


±500 mA 

LH0063/LH0063C 

5W 

LH0033/LH0033C 


±250 mA 

LH0033/LH0033C 

1.5W 

Operating Temperature Range 




j Maximum Junction Temperature 175°C 

LH0033 and LH0063 


-55 Cto+125°C 

Input Voltage 

Equal to Supplies 

LH0033C and LH0063C 


-25°C to +85° C 

Continuous Output Current 



Storage Temperature Range 


-65°C to +150°C 

LH0063/LH0063C 

±250 mA 

Lead Temperature (Soldering. 10 sec) 


300° C 

LH0033/LH0033C 

±100 mA 







dc electrical characteristics 

LH0033/LH0033C: (Note 1) 






LIMITS 


PARAMETER 

CONDITIONS 

LH0033 

LH0033C 

UNITS 



MIN 

TYP 

MAX 


TYP 

MAX 


Output Offset Voltage 

R$ = 100 k£2. T c = 25°C 

R s = 100 k« 


5 

10 

15 


12 

20 

25 

mV 

mV 

Average Temperature Coefficient 

R s = 100 kn. 


50 



50 


pV/°C 

of Offset Voltage 

-55°C<T c < 125°C 






T c = 25°C 


.05 

1 


.05 

.15 


Input Bias Current 


10 


5 

nA 

Voltage Gain 

V IN = 1 Vrms, f = 1 kHz. 

R t = 1 kfi. R<; = 100 kS2 

.97 

.98 

1 

.96 

.98 

1 

V/V 

Input Impedance 

R l r 1 kfi 

io 10 

10 11 


10 10 

‘ 10 11 


n 

Output Impedance 

V IN = 1 Vrms, f = 1 kHz. 

R s = 100 kS2, R l = 1 kS2 


6 

10 


6 

10 

n 


R l = 1 kft. 

±12 

±13 


±12 

±13 


V 

Output Voltage Swing 

R l - 100J2, T c = 25°C 

±9 



±9 



V 


V s = ±5V, R l = 1 k£2 


6 



6 


v PP 

Supply Current 

Vin =0V, V s = ±15V 

V s = ±5V 


20 

18 

22 


21 

18 

24 

mA 

mA 

Power Consumption 

V 1N = 0V, V s = +15V 


600 

660 


630 

720 

mW 

Vs'= ±5V 


180 



180 


mW 

ac electrical characteristics 








LH0033/LH0033C (T c = 

25°C, V s = ±1 5V, R s = 

50^, R l 

= 1 k!2) 








LIMITS 


PARAMETER 

CONDITIONS 

LH0033 

LH0033C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Slew Rate 

v, N =±iov 

1000 

1500 

■H| 

1000 

1400 


V/ps 

Bandwidth 

V, N = 1 Vrms 


100 



100 


MHz 

Phase Non-Linearity 

BW= 1 to 20 MHz 


2 



2 


degrees 

Rise Time 

AV, n = 0.5V 


2.9 



3.2 

■ 

ns 

Propagation Delay 

AV 1N = 0.5V 


1.2 

1 


1.5 


ns 

Harmonic Distortion 

f > 1 kHz 


<0.1 



<0.1 


% 

Not* 1: Unless otherwise specified. 

these specifications apply for +15V applied to pins 1 and 12, -15V applied to pins9 and 



10, and pin 6 shorted to pin 7 for the LH0033/LH0033C. For the LH0063/LH0063C, specifications apply for +.15V applied 
to pins 1 and 2, -15V applied to pins 7 and 8, and pin 5 shorted to pin 6. Unless otherwise noted, specifications apply over a 



temperature range of -55 C < Tr 

< +125°C for the LH0033 and LH0063; and 

-25 U C <T r ^ +85 C for the LH0033C and 



LH0063C. Typical values shown are for Tq = 25 C. 
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dc electrical characteristics lhoo63/lhoo63c (Note n 


Output Offset Voltage 


Average Temperature Coefficient 
of Output Offset Voltage 


Input Bias Current 
Voltage Gain 


Input Resistance 
Input Capacitance 
Output Impedance 
Output Current Swing 
Output Voltage Swing 

Output Voltage Swing 

Supply Current 
Supply Current 
Power Consumption 
Power Consumption 


R s < 100 kn, T c = 25°C 
R s < 100 kSI 

R s < 100 kn 
Tj = 25°C 

V IN = ± 10V, R s < 100 kn, 

r l = i kn 

V IN = ±10V, R s < 100 kn, 
R L = 5012,T C = 25°C 


Case Shorted to Output 
V OU T = i 10V. R s = 100 kn 
R l = 50 S 2 

v, N •- 4 iov, r s < locpkn 


V s = ±5V, r l = son, 
T c = 25° C 

T c = 25°C, R l = « 
V s = ±15V 


T c = 25 C. R l = ° 
V s = ±15V 


LH0063C 1 

UNITS 

IN TYP 

MAX 


10 

50 

mV 


100 

mV 

300 


pV/°C 

.1 

-5 

nA 


5 

nA 

.94 .96 

1 

V/V 

.91 .93 

.98 

V/V 

)10 to 11 


n 

8 


pF 

• 1 

4 

n 

.2 .25 


Amps 

) ±13 


V 

S 7- 


Vp.p 

35 

65 

mA 

50 


mA 

1.05 

1.95 

W 

500 


mW 


ac electrical characteristics 

LH0063/LH0063C: (T c = 25°C, V s = ±15V, R s = 50f2, R L = 5012) 



PARAMETER CONDITIONS LH0063 LH0063C UNITS 



Note 1: Unless otherwise specified, these specifications apply for +15V applied to pins 1 and 12, -15V applied to pins 9 and 
10, and pin 6 shorted to pin 7 for the LH0033/LH0033C For the LH0063/LH0063C, specifications apply for +15V.applied 
to pins 1 and 2, -15V applied to pins 7 and 8, and pin 5 shorted to pin 6. Unless otherwise noted, specifications apply over a 
temperature range of -55°C < T c < +125°C for the LH0033 and LH0063; and -25°C ^ T c < +85°C for the LH0033C and 
LHQ063C. Typical values shown are for Tc = 25°C. 
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LH0033/LH0033C, LH0063/LH0063C 


typical performance characteristics 



0 25 50 75 100 125 150 

TEMPERATURE ( C) 


LH0033 Supply Current vs 
Supply Voltage 



5 10 15 20 

SUPPLY VOLTAGE (<V) 


I 

z 

0 

£ 

1 

o 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


LH0063 Supply Current vs 
Supply Voltage 



5 10 15 20 

SUPPLY VOLTAGE (<V) 


LH0063 Output Voltage vs 
Supply Voltage 


LH0033 Negative Pulse 
Response 




0 10 20 30 40 50 60 


SUPPLY VOLTAGE (iV) 


TIME (ns) 


LH0033 Frequency Response 


LH0033 Rise and Fall Time 
vs Temperature 



FREQUENCY (MHi) 


TEMPERATURE (°C) 


LH0063 DC Safe Operating 
Area 



-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 


LH0033 Output Voltage vs 
Supply Voltage 



LH0033 Positive Pulse 
Response 



0 10 20 30 40 50 60 


TIME (ns) 


LH0063 Large Signal Pulse 
Response 



0 1 2 3456719 10 11 12 
TIME (ns) 
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INPUT BIAS CURRENT (nA) 


typical performance characteristics (con't) 


LH0033 Input Bias Current 
vs Temperature 


LH0063 Input Current 


LH0063 Frequency Response 



25 50 75 100 125 

TEMPERATURE ( C) 



0 25 50 75 100 125 


■■!!!!!SIIIIIIII 


10 100 1000 
FREQUENCY (MHz) 


LH0063 Small Signal Rise 
Time 



0 1 2 3 4 5 6 7 


application hints 


Recommended Layout Precautions: RF/video 
printed circuit board layout rules should be fol- 
lowed when using the LH0033 and LH0063 since 
they will provide power gain to frequencies over 
100 MHz. Ground planes are recommended and 
power supplies should be decoupled at each device 
with low inductance capacitors. In addition, ground 
plane shielding may be extended to the metal case 
of the device since it is electrically isolated from 
internal circuitry. Alternatively the case should be 
connected to the output to minimize input capaci- 
tance. 



FIGURE 1. Offset Zero Adjust for LH0033 (Pin nos. 
shown for TO-8) 


Offset Voltage Adjustment: Both the LH0033's 
and LH0063's offset voltages have been actively 
trimmed by laser to meet-guaranteed specifications 
when the offset preset pin is shorted to the offset 
adjust pin. This pre-calibration allows the devices 
to be used in most DC or AC applications without 
individually offset nulling each device. If offset 
null is desirable, it is simply obtained by leaving 
the offset preset pin open and connecting a trim 
pot of 100ft for the LH0033 or 1 k£2 for the 
LH0063 between the offset adjust pin and V~ 
as illustrated in Figures 1 and 2. 



FIGURE 2. Offset Zero Adjust for LH0063 
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LH0033/LH0033C, LH0063/LH0063C 


application hints (con't) 

Operation from Single or Asymmetrical Power 
Supplies: Both device types may be readily used 
in applications where symmetrical supplies are 
unavailable or not desirable. A typical application 
might be an interface to a MOS shift register 
where V + = +5V and V = -12V. In this case, 
an apparent output offset occurs due to the de- 
vice's voltage gain of less than unity. This additional 
output offset error may be predicted by: 


as illustrated in Figures 3 and 4. Resistor values 
may be predicted by: 

V + _ V" 

Rum — " = “ 

•sc 'sc 

where: l sc < 1 00 mA for LH0033 

i sc < 250 mA for LH0063 


AV 0 a (1 - A v ) 


(V + - V ) , _ . 

= .005 (V + - V ) 


where: 

A v = No load voltage gain, typically .99 
V + = Positive supply voltage 
V = Negative supply voltage 


For the above example, AV 0 would be -35 mV. 
This may be adjusted to zero as described in 
Section 2. For AC coupled applications, no addi- 
tional offset occurs if the DC input is properly 
biased as illustrated in the "typical applications" 
section. 

Short Circuit Protection: In order to optimize 
transient response and output swing, output cur- 
rent limit has been omitted from the LH0033 
and LH0063. Short circuit protection may be 
added by inserting appropriate value resistors 
between V + and V c + pins and V and V c pins 


The inclusion of limiting resistors in the collectors 
of the output transistors reduces output voltage 
swing. Decoupling V c + and V c pins with ca- 
pacitors to ground will retain full output swing 
for transient pulses. Alternate active current limit 
techniques that retain full DC output swing are 
shown in Figures 5, 6 and 7. In Figures 5 and 6, 
the current sources are saturated during normal 
operation thus apply full supply voltage to the 
V c pins. Under fault conditions, the voltage de- 
creases as required by the overload. For Figure 5: 


Rlim 


: Vb 

1st 


.6V 

60 mA 


ion 


In Figure 6, quad transistor arrays are used to 
minimize can count and: 


, Vbe = -6V 

1/3 <l sc ) 1/3 (200 mA) 


8.2n 




FIGURE 3. LH0033 Using Resistor Current Limiting FIGURE 4. LH0063 Using Resistor Current Limiting 
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application hints (con't) 



FIGURE 5. LH0033 Current Limiting Using Current 
Sources 



FIGURE 6. LH0063 Current Limiting Using Current 
Sources 


Capacitive Loading: Both the LH0033 and LH0063 
are designed to drive capacitive loads such as co- 
axial cables in excess of several thousand picofarads 
without susceptibility to oscillation. However, 
peak current resulting from (q xd v /d t ) should be 
limited below absolute maximum peak current 
ratings for the devices. 

Thus for the LH0033: 


and for the LH0063: 

X C L ^ Iqut 



< Iqut ^ ±250 mA 


3 


±500 mA 
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application hints (con't) 


In addition, power dissipation resulting from 
driving capacitative loads plus standby power 
should be kept below total package power rating: 

Pdiss — Pdc + Pac 

pkg 

Pdi« ^ (V + -V“) X l s + P AC 

Pkg 

Pac 2 |V P . P ) 2 X f X C L 

where V P . P = Peak-to-peak output voltage swing 
f = frequency 
C L = Load Capacitance 

Operation Within an Op Amp Loop: Both devices 
may be used as a current booster or. isolation 
buffer within a closed loop with op amps such 
as LH0032, LH0062, or LM118. An isolation 


resistor of 4712 should be used between the op 
amp output and the input of LH0033. The wide 
bandwidths and high slew rates of the LH0033 
and LH0063 assure that the loop has the charac- 
teristics of the op amp and that additional rolloff 
is not required. 

Hardware: In order to utilize the full drive 
capabilities of both devices, each should be 
mounted with a heat sink particularly for ex- 
tended temperature operation. The cases of both 
are isolated from the circuit and may be con- 
nected to system chassis. 

ACHTUNG! 

Power supply bypassing is necessary to prevent 
oscillation with both the LH0033 and LH0063 in 
all circuits. Low inductance ceramic disc capacitors 
with the shortest practical lead lengths must be 
connected from each supply lead (within < % to 
Va" of' the device package) to a ground plane. 
Capacitors should be one or two O.ljuF in parallel 
for the LH0033; adding a 4.7juF solid tantalum 
capacitor will help in troublesome instances. For 
the LH0063, two 0.1/uF ceramic and one 4.7/uF 
solid tantalum capacitors in parallel will be neces- 
sary on each supply lead. 


schematic diagrams 


LH0033/LH0033C 


LH0063/LH0063C 
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typical applications 
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LH0033/LH0033C, LH0063/LH0063C 


typical applications (con't) 


Nuclear Particle Detector 


High Input Impedance AC Coupled Amplifier 




Isolation Buffer 


Coaxial Cable Driver 




Coaxial Cable Driver 



1W CW Final Amplifier 
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LH0044 Series 


National 

mSt Semiconductor 


Operational Amplifiers/Buffers 


LH0044 Series Precision Low Noise 
Operational Amplifiers 


General Description 

The LH0044 Series is a low noise, ultra-stable, high gain, 
precision operational amplifier family intended to replace 
either chopper-stabilized monolithic or modular ampli- 
fiers. The devices are particularly suited for differential 
mode, inverting, and non-inverting mode applications 
requiring very low initial offset, low offset drift, very 
high gain, high CMRR, and high PSRR. In addition, 
the LH0044 Series' low initial offset and offset drift 
eliminate costly and time consuming null adjustments 
at the systems level. The superior performance afforded 
by the LH0044 Series is made possible by advanced 
processing and testing techniques, as weil as active 
laser trim of critical metal film resistors to minimize 
offset voltage and drift. Unique construction eliminates 
thermal feedback effects. 

The LH0044 Series is an excellent choice for a wide 
range of precision applications including strain gauge 
bridges, thermocouple amplifiers, and ultrastable refer- 
ence amplifiers. The LH0044 and LH0044A are 


guaranteed over the temperature range of -55 C to 
+125°C, and the LH0044AC, LH0044B, and LH0044C 
are guaranteed from -25° C to +85°C. The device is 
available . in standard TO-5 op amp pin out and is 
compatible with LM108A, LM725, and LM741 type 
amplifiers. 


Features 

= Low input offset voltage , 25/iV max 

■ Excellent long-term stability ±1/iV/month max 

■ Low offset drift 0.5juV/°C max 

■ Very low noise 0.7juVp-p max 0.1 Hz to 10 Hz 

■ High CMRR and PSRR 120 dB min 

® High open loop gain 120 dB min, 

■ Wide common-mode range ±13V min 

■ Wide supply voltage range ±2V to ±20V 


Equivalent Circuit and Connection Diagram 


INVERTING 

INPUT 




Metal Can Package 



One is electrically isolated 

Note: Compensation is not notmally required. However, for maximum . 
stability, a O.OIjjF capacitor should be placed between pins 7 and 8 when 
device is used below closed loop gams of 10. 

Order Number LH0044H, 
LH0044AH, LH0044CH, LH0044ACH, 
LH0044BH 
See Package H08B 



Absolute Maximum Ratings 

Supply Voltage 

Power Dissipation 

Differential Input Voltage (IV|ote4) 

Input Voltage (Note 5) 

Output Short-Circuit Duration 

±20V 

600 mW 

±1V 

±1 5V 

Continuous 

Operating Temperature Range 

LH0044, LH0044A 

LH0044AC, LH0044B, LH0044C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

-55° C to +125°C 
-25° C to +85° C 
-65°C to +150°C 
300° C 

DC Electrical Characteristics 

(Note 1) 




PARAMETER 

CONDITIONS 

j LIMITS 1 

UNITS 

| LH0044A/LH0044AC | 

| LH0044/LH0044B/LH0044C | 

MIN 

TYP 


MIN 

TYP 

MAX 

Input Offset Voltage 

T A = 25°C, R s ■ 50fi, V CM = 0V 


8 

25 


, 12 

50 

uv 


LH0044C Only 






100 

mV 

Input Offset Voltage 

r s = son, V CM = OV 



50 



150 

mV 


LH0044A and LH0044B Only 



75 



75 

mV 

Average Input Offset Voltage Drift 

Tmin < T a < T max 


0.1 

0.5 


0.2 

1.3 

mv/° c 


LH0044B Only 






0.5 

mvi° c 

Long-Term Stability 

(Note 2) 


0.2 

1 


0.3 

2 

MV/month 

Input Noise Voltage (Note 3) 

BW = 0.1 Hz to 10 Hz, R s = 50fl 


0.35 



0.35 

0.8 

^Vp-p 


R s = 10 kH Imbalance 


0.50 

0.9 


0.50 

1.0 

mV p-p 

Thermal Feedback Coefficient 



0.005 



0.005 


/iV/mW 

Open Loop Voltage Gain 

R l = lOkft 

120 

145 


114 

140 


dB 

Common-Mode Rejection Ratio 

-10V < V CM < + 10V 

120 

145 


114 

140 


dB 

Power Supply Rejection Ratio 

±3V<V S <±18V 


145 


114 

140 


dB 

Input Voltage Range 


±13 

±13.8 


±12 

±13.5 


V 

Output Voltage Swing 

R u = 10kft 

±13 

±13.7 


±12 

±13.5 


V 

Input Offset Current 

25°C<T A <T MAX 


1.0 

2.5 


1.5 

5.0 

nA 


T m .n<T a <25°C 



5.0 



10.0 

' nA 

Average Input Offset Current Drift 



5 

40 


.15 

80 

pA/°C 

Input Bias Current 

25°C<T a <T max 


8.5 

15 


10 

30 

nA 


Tmin<T a <25°C 



50 



100 

nA 

Average Input Bias Current Drift 




300 


100 

600, 

pA/°C 

Differential Input Impedance 


5 

10 


2.5 

8 


M£2 

Common-Mode Input Impedance 



2 x 10 11 



2 x 10 11 


n 

Supply Current 

Il-0 


0.9 

3.6 


1.0 

4.0 

mA 

Power Dissipation 



27 

90 


30 

120 

mW 


AC Electrical Characteristics t a =25°c,v s =±isv 


PARAMETER 

CONDITIONS 

TYP 

UNITS 

Input Noise Voltage 

R s = 1 ktt, f Q = 10 Hz 

11 

nV/VHz 


R s = 1 k£7. f Q = 1 kHz 

9 

nVA/Hz 

Slew Rate 

A v = +1, R u =10kft, V, N =±10V 

0.06 

V/ps 

Large Signal Bandwidth 

A v =+1, R l = 10 kJ2, V, N =±10V 

1 

kHz 

Overload Recovery Time 

A v = +100, V IN = -100 mV, AV in = 200 mV 

5 

MS 

Small Signal Bandwidth 

A v = +1, R l = 10 kfi 

400 

kHz 

Small Signal Rise Time 

A v = +1, R l = 10 kn, V (N = 10 mV 

2.5 

MS 

Overshoot 

A v = +1. R L = 10 k fi, V )N = 10 mV, C L = 100 pF 

10 

% 


Note 1: All specifications apply for ail device grades, at Vs = ±15V, and from T|y/j||\j to Tmax unless otherwise specified. T|yj|N is-55°Cand 
t MAX is +125°C for the LH0044A and LH0044. T M |n is -25°C and Tmax 'S +85°C for the LH0044AC, LH0044B and LH0044C. Typicals are 
given for Ta - 25° C. 

Note 2: This parameter is not 100% tested; however, 90% of the devices are guaranteed to meet this specification after one month of operation 
and after initial turn-on stabilization. 

Note 3: Noise is 100% tested on the LH0044A, LH0044AC and LH0044B only. 90% of the LH0044 and LH0044C devices are guaranteed to meet 
this specification. 

Note 4: The inputs are shunted by back-to-back diodes for over-voltage protection. Excessive current will flow for differential input voltages in 
excess of IV. Input current should be limited to less than 1 mA. 

Note 5: For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage. 
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.2 Typical Performance Characteristics 


Total Input Noise 
Voltage vs Frequency 



100 Ik 10k 100k 

FREQUENCY (Hz). 


Input Bias Current 



.*5 ±10 ±15 

SUPPLY VOLTAGE (V) 


Input Voltage Range 



±5 ±10 ±15 ±20 

SUPPLY VOLTAGE (V) 


Input Bias Current vs Common- 
Mode Input Voltage 


V 

T 

= ±15V 
= 25°C 

n 








-J 


15. -10 -5 0 5 10 15 

COMMON-MODE INPUT VOLTAGE (V) 


Supply Current vs 
Supply Voltage 




| | 




T A = -5 
1 

5°C 


T, 

= 25 







^ r 

/ 


— 

Ta 

a 

= +125°C 

— 

— 


SUPPLY VOLTAGE (V) 


Open Loop Frequency 
Response 






V s 

rr~ 

*±15V 

k 




R t 

= 10k 





Ta 





V 






_ 


n 

■ 




0.01 0.1 1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Large Signal Voltage 
Response 


pill 

ii 

111 

IIIIIIK 


Ik 10k 

FREQUENCY (Hz) 


Output Swing 



Large Signal Pulse 
Response 



OUTPUT CURRENT (mA) 


0 0.2 0.4 0.6 0.0 1.0 \2 1.4 
TIME (ms) 


Power Supply Rejection 
Ratio vs Frequency 


Ms- 


CMRR vs Frequency 



0.1 1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) . 


Maximum Power Dissipation 



25 50 75 100 125 ISO 

TEMPERATURE (°C) 
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Applications Information 

LOW DRIFT CONSIDERATIONS COMPENSATION 


Achieving ultra-low drift in practical applications 
requires strict attention to board layout, thermocouple 
effects, and input guarding. For specific recommendations 
refer to AN-63 and AN-79. 

A point worth stressing with regard to low drift specifica- 
tions is testing 'of the LH0044. Simply stated-it is 
virtually impossible to test the device using a thermo- 
probe or other form , of local heating. A one degree 
centigrade temperature gradient can account for tens 
of microvolts of virtual offset {or drift). The test circuit 
of Figure 1 is recommended for use in a stabilized oven 
or continuously stirred oil bath with the entire circuit 
inside the oven or bath. Isothermal layout of the resistors 
is advised in order to minimize thermocouple induced 
EMF's. 


I 



FIGURE 1. LH0044 Temperature Test Circuit 


OVER COMPENSATION 

The LH0044 may be overcompensated in order to 
minimize noise bandwidth by paralleling the internal 
100 pF capacitor with an external capacitor connected 
between pins 1 and 6. Unity gain frequency may be 
predicted by: 


100 pF + C ext pF 


For closed loop gains in excess of 10, no external com- 
ponents are required for frequency stability. However, 
for gains of 10 or less, a O.OIjuF disc capacitor is 
recommended between pin 7 (V + ) and pin 8 (Comp). 
An improvement in ac PSRR will also be realized by 
use of the 0.01/iF capacitor. 

OFFSET NULL 

In general, further nulling of LH0044 is neither necessary 
nor recommended. For most applications the specified 
initial offset is sufficient; 

However, for those applications requiring additional 
null, an obvious temptation might be to place a pot 
between pins 1 and 8 with the wiper returned to V + . 
This technique will usually result in reduced gain and 
increased offset drift due to mismatch in the TCR of 
the pot and R1 and R2. The technique is, therefore, not 
generally recommended. 

The recommended technique for offset nulling the 
LH0044 is shown in Figure 2. Null is accomplished in 
A 2 and all errors are divided by the closed loop gain of 
the LH0044. Additional offset and drift incurred due 
to use of A 2 is less than IjuV/V for V + and V changes 
and 0.01/iV/°C drift for the values shown in Figure 2. 


1M 



FIGURE 2. LH0044 Null Technique 


Typical Applications 




Buffered Output for Heavy Loads 


XI 000 Instrumentation Amp 
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Typical Applications (Continued) 




10V Reference Supply 


Precision Dual Tracking Regulator 



OVERALL 

GAIN 

INPUT STAGE 

GAIN 

OUTPUT STAGE 

GAIN 

JUMPER PINS 

ON RA201 

XI 

XI 

XI 

- 

X2 

XI 

X2 

5 to 7. 12 to 10 

X5 

XI 

X5 

6 to 7. 11 to 10 

X10 

X10 

XI 

2 to 15 

X20 

X10 

X2 

2 to 15, 5 to 7, 12 to 10 

X50 

X10 

X5 

2 to 15, 6 to 7, 11 to 10 

X100 

X100 

XI 

1 to 16 

X200 

X100 

X2 

1 to 16, 5 to 7, 12 to 10 

X500 

X100 

X5 

1 to 16, 6 to 7, 11 to 10 

X995 

X199 

X5 

1 to 14, 6 to 7, 11 to 10 


Precision Instrumentation Amplifier 
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LH0045/LH0045C 



National 

Semiconductor 


Operational Amplifiers/Buffers 


LH0045/LH0045C Two Wire Transmitter 


general description 

The LH0045/LH0045C Two Wire Transmitters 
are linear integrated circuits designed to convert 
the voltage from a sensor to a current, and send 
it through to a receiver, utilizing the same simple 
twisted pair as the supply voltage. 

The LH0045 and LH0045C contain an internal 
reference designed to power the sensor bridge, 
a sensitive input amplifier, and an output current 
source. The output current scale can be adjusted 
to match the industry standards of 4.0 mA to 
20 mA or 10 mA to 50 mA. 

Designed for use with various sensors, the LH0045/ 
LH0045C will interface with thermocouples, strain 
gauges, or thermistors. The use of the power 
supply leads as the signal output eliminates two 
or three extra wires in remote signal applications. 
Also, current output minimizes susceptibility to 
voltage noise spikes and eliminates line drop 
problems. 


features 

■ High sensitivity 

■ Low input offset voltage 

■ Low input bias current 

■ Single supply operation 

■ Programmable bridge reference 
(LH0045G) 

■ Non-interactive span and null adjust 

■ Over compensation capability 

■ Supply reversal protection 

The LH0045/LH0045C is intended to fulfill a wide 
variety of process control, instrumentation, and 
data acquisition applications. The LH0045 is 
guaranteed over the temperature range of -55°C to 
+125°C; whereas the LH0045C is guaranteed from 
-25° C to +85°C. 


> lOpA/pV 

1.0 mV 

2.0 nA 
10V to 50V 
5.0V to 30V 


equivalent schematic and connection diagrams 



12 PIN TO * ("G") PACKAGE. 


L2 (V) 



TOP VIEW 

'NOTE PIN S IS SHORTED TO PIN 6 TO OBTAIN A 
NOMINAL ♦S.IV. V„ EF . LEFT OPEN V„ EF ■ *10V 
THE CASE IS ISOLATED FROM THE CIRCUIT 
FOR BOTH TO 3 AND TO 8 

Order Number LH0045G or LH0045CG 
See Package H12B 

TO-3 



TOP VIEW ' 

Order Number LH0045K or LH0045CK 
See Package K08A 
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absolute maximum ratings 

Supply Voltage (LI to common) 

Input Current 

Input Voltage (Either Input to Common) 
Differential Input Voltage 
Output Current (Either LI or L2) 

Reference Output Current 
Power Dissipation 
LH0045G 
LH0045K 

Operating Temperature Range 
LH0045 
LH0045C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

electrical characteristics (Notei) 


+50V 
±20 mA 
OV toV REF 
±20 V 
50 mA 
5.0 mA 


-55 C to +125 C 
-25° C to +85°C 
-65°C to +150°C 
300° C 




Input Offset Voltage (V os ) 

l s = 4.0 mA,T A = 25 C 
l s = 4.0 mA 

Offset Voltage Temperature 
Coefficient <AV os /AT) 

l s = 4.0 mA 

Input Bias Current (l B ) 

T a = 25°C 

Input Offset Current (1 os > 

T a = 25° C 

Open Loop 

Transconductance (gMoiJ 

Al s = 4.0 mA to 20 mA 

Al s = 10 mA to 50 mA 

Supply Voltage Range (V s ) 

LH0045G pins 5 and 6 open 

Input Voltage Range (V| N ) 

LH0045G pins 5 and 6 open 

Open Loop Output 

Impedance (Rout) 

V s = 10V to 45V, l s = 4.0 m 
T a = 25°C 

Common Mode Rejection 

Ratio (CMRR) 

AV, n = 1.0V to 3.3V, 
l s = 12 mA 

Power Supply Rejection 

Ratio (PSRR) 

AV S = 10V to 45V, l s = 12 r 

Open Loop Supply Current 
Osol) 

V s = 50V 

Reference Voltage Load 
Regulation (AV REF /AI REF ) 

Al REF = 0 mA to 2.0 mA, 
T a = 25° C 

Reference Voltage Line 
Regulation (AV REF /AV S ) 

AV S = 10V to 45V, 

T a = 25° C 

Reference Voltage Temperature 
Coefficient (AV REF /AT) 

l REF = 2.0 mA 

Reference Voltage (V REF ) 

l REF = 2.0 mA. T a = 25°C 
l REF * 2.0 mA, T a = 25°C, 
LH0045G pins 5 and 6 open 

Resistor R9 

I l s = 12mA.T A = 25°C 

Average Temperature 

Coefficient of R9 (TCR 9 ) 

| l s = 12 mA 

Resistor R5 

l s = 1.0 mA, T A =25°C 

Average Temperature 

Coefficient of R5 (TCR 5 ) 

l s = 1.0 mA 

Input Resistance (R. N ) 

T a = 25° C 



300 PPM/ 0 C 

1050 n 

300 PPM/’C 


Note 1: Unless otherwise specified, these specifications apply for +10V < Vg < +50V, pin 5 shorted to pin 6 on the LH0045G, 
over the temperature range -55°C to +125°C for the LH0045 and -25°C to +85°C for the LH0045C. 


LH0045/LH0045C 
















REFERENCE VOLTAGE (V) POWER SUPPLY REJECTION RATIO (dB) INPUT NOISE (nV/ >/fiz) POWER DISSIPATION (W) 


typical performance characteristics 


LH0045G Maximum Power 
Dissipation 


LH0045K Maximum Power 
Dissipation 


Safe Operating Area 



S^CASE.Ox: 







i ! 

AMBIENT, 

«JA = 


G" PACKAGE > 
Pmax - 15W 


25 50 75 100 125 150 

0 25 50 75 100 125 150 

0 10 20 30 < 

TEMPERATURE ( J C) 

TEMPERATURE ( 0 C) 

SUPPLY VOLTAGE (V) 



, Open Loop 



T ransconductance 

Input Noise Voltage 

Input Currents 

vs Frequency 


iiiiiiiiiiiin ! 


10 100 1.0k 10k 

100k 

-55 -35 -15 5 25 45 65 85 105 125 

1.0 10 100 1.0k 10k 100k 1.0M10M 100M 

FREQUENCY (Hz) 


TEMPERATURE (°C) 

FREQUENCY (Hz) 




Variation of Vref With 

Power Supply Rejection 



Temperature Normalized 

Ratio vs Frequency 


Vref Line Regulation 

to 25°C 


lllli 

111 

lllllll 

111 

El 


00 1.0k 1U 

FREQUENCY (Hz) 


HKpPsn 


0 5.0 10 15 20 25 30 35 40 45 50 
SUPPLY VOLTAGE (V) 


-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 


Vref vs Resistance Between 
Pin 5 and Pin 3 


1.0k 10k 100k 

RESISTANCE BETWEEN PIN 5 AND PIN 3 Ul) 


Open Loop Supply 
Current vs Temperature 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 


Change in R9 With Temperature 
Normalized to 25° C 


-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE ( C) 
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Electronic Temperature Sensor 




Remote Sensing Digital Thermometer 


# Pin numbers refer to 'G' package. All voltages indicated by ( ) are measured with respect to common, pin 3. 
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LH0045/LH0045C 


typical applications*(con't) 



Instrumentation Amplifier Transmitter 


applications information 

CIRCUIT DESCRIPTION AND OPERATION 

A simplified schematic of the LH0045/LH0045C 
is shown in Figure 1. Differential amplifier, A 2 
converts very low level signals to an output current 
via transistor Q1. Reference voltage diode D1 is 
used to supply voltage for operation of A 2 and 
to bias an external bridge. Current source ^ 
minimizes fluctuation in the bridge reference 
voltage due to changes in V s . 

In normal operation, the LH0045/LH0045C is 
used in conjunction with an external bridge 
comprised of R B1 through R B4 . The bridge 
resistors in conjunction with bridge return resistor, 
R5, bias A 2 in its linear region and sense the input 
signal; e.g. R B4 might be a strain sensitive resistor 
in a strain gauge bridge. R T is adjusted to purposely 
unbalance the bridge for 4.0 mA output (null) 
for zero signal input. This is accomplished by 
forcing 2.5juA more through R B3 than R B4 . 


The 2.5/uA imbalance causes a voltage rise of 
(2.5juA) x (10012) or 250jLtV at the top of R B3 . 
Terminal L2 may be. viewed as the output of an 
op amp whose closed loop gain is approximately 
R f /R B3 = 1600. 

The 250 juV rise at the top of R B3 causes a 
voltage drop of (1600) x (250 /iV) or -0.4V across 
R9. An output current, l s , equal to 0.4V/R9 or 
4.0 mA is thus established in Q1. If R B4 is now 
decreased by 1.012 (due to application of a strain 
force), a -1.0 mV change in input voltage will 
result. This causes L2 to drop to -2.0V. The 
output current would then be 2.0V/10012 or 20 mA 
(Full Scale). If R B3 is a resistor of the same 
material ks R B4 but not subjected to the strain, 
temperature drift effects will be equal in the two 
legs and will cancel. 

In actual practice the loading effects of R B2 on 
the gain (span) and R F on output current must be 
taken into account. 


I s =4.0 mA (NULL, 0%) 

l s = 20 mA (100% FULL SCALE) 



FIGURE 1. LH0045 Simplified Schematic 
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applications information (con't) 

THERMAL CONSIDERATIONS 

The power output transistor of the LH0045 is 
thermally isolated from the signal amplifier, A 2 . 
Nevertheless, a change in the power dissipation 
will cause a change in the temperature of the 
package and thus may cause amplifier drift. These 
temperature excursions may be minimized by 
careful heat sinking to hold the case temperature 
equal to the ambient. With the TO-8 (G) package 
this is best accomplished by a clip-on heat sink 
such as the Thermalloy #2240A or the Wakefield 
#21 5-CB. The 8 lead TO-3 is particularly convenient 
for heat sinking, in that it may be bolted directly 
to many commercial aluminum heat sink extru- 
sions, or to the chassis. In both packages the case 
is electrically isolated from the circuit. 

In addition, the power change can be minimized 
by operating the device from relatively high supply 
voltages in series with a relatively high |oad resist- 
ance. When the signal forces the supply current 
higher, the voltage across the device will be 
reduced and the internal power dissipation kept 
nearly equal to the low current, high voltage 
condition. 

For example, take the case of a 4.0 mA to 20 mA 
transmitter with a 24V supply and a 1000 load 
resistance. The power at 4.0 mA is (23.6V) x (4.0 
mA) = 94.4 mW while at full scale the power is 
(22V) x (20 mA) = 440 mW. The net change in 
power is 345 mW. This change in power will cause 
a change in temperature and thus a change in 
offset voltage of A 2 . 

If the optimum load resistance of 8000 (from 
Figure 2) is used, the power at null is [24V - 
(4.0 mA) x (8000)] (4.0 mA) = 83 mW. The 
power at full scale is [24V - (20 mA) x (8000)] 
(20 mA) = 160 mW. The net change is 77 mW. 
This change is significantly less than without the 
resistor. 

If the supply voltage is increased to 48V and the 
load resistance chosen to be the optimum value 
from Figure 2 (1.95k), then the power at null is 
[48V - (4.0 mA) x (1.95k)] (4.0 mA) = 160.8 



0 10 20 30 40 50 60 

SUPPLY VOLTAGE (V) 


FIGURE 2. Optimum Load Resistance vs Supply Voltage 


mW and the power at full scale is [48 - (20) x 
(1.95k)] (20 mA) = 180 mW for a net change of 
19.2 mW. 

Note that the optimized load resistance is actually 
the sum of the line resistance, receiver resistances 
and added external load resistance. However, in 
many applications the line resistance and receiver 
resistances are negligible compared to the added 
external load resistance and thus may be omitted 
in calculations. 

AUXILIARY PINS 

The LH0045 has several auxiliary pins designed to 
provide the user with enhanced flexibility and 
performance. The following is a discussion of pos- 
sible uses for these pins. 

Programmable Vrep — Pins 5 and 6 (LH0045G 
Only) 

The LH0045G provides pins 5 and 6 to allow the 
user to program the value of the reference voltage. 
The factory trimmed 10V value is obtained by 
leaving 5 and 6 open. A short between 5 and 6 
will program the reference to a nominal 5.1V 
(equivalent to the fixed value used in the 
LH0045K). 

A resistor or pot may be placed between pin 5 
and common (pin 3) to obtain reference voltages 
between 10V and 30V or between pin 5 and pin 7 
for reference voltages below 10V. Increased ref- 
erence voltage might be useful to extend the 
positive common mode range or to accommodate 
transducers requiring higher supply voltage. A plot 
of resistance between pin 5 and pin 3 versus 
V REF is given in the typical electrical characteristics 
section. V REF may be adjusted about its nominal 
value by arranging a pot from V REF to common 
and feeding a resistor from the wiper into pin 5 
so that it may either inject or extract current. 
Lastly, pin 5 may be used as a nominal 1.7V 
reference point, if care is taken not to unduly 
load it with either dc current or capacitance. 
Obviously, higher supply voltages must be used 
to obtain the higher reference values. The minimum 
supply voltage to reference voltage differential is 
about 4.0V. 

Bridge Return 

An applications resistor is provided in the LH0045 
with a nominal value of 1.0 k£2. The primary 
application for the resistor is to maintain the 
minimum common mode input voltage (1.0V) 
required by the signal amplifier, A 2 . A typical 
input application might utilize a strain gauge or 
thermistor bridge where the resistance of the 
sensor is 100£2. Since only 1.0 mA may be drawn 
from V REF , the 1.0 k£2 bridge return resistor is 
used to bias A 2 in its linear region as shown in 
Figure 3. 
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applications information (con't) 


1.0 mA 



FIGURE 3. Use of Bridge Return 


Over Compensation - Pin 8 (LH0045G), 

Pin 6 (LH0045K) 

Over compensation of the signal amplifier, A 2 may 
be desirable in dc applications where the noise- 
bandwidth must be minimized. A capacitor should 
be placed between pin 8 (pin 6 on the LH0045K) 
and pin 3, common. 

Typically, 

1 

2 7r R (Ci + C EX t) 

where: 

R = 400 MS2 

Cl = Internal Compensation Capacitor = lOOpF 

C EX t = External (over-compensation) 

Capacitor 

Input Guard - Pins 9 and 12 (LH0045G) 

Pins 9 and 12 have no internal connection what- 
ever and thus need not be used. In some critical 
low current applications there may be an advantage 
to running a guard conductor between the inputs 
and the adjacent pins to intercept stray leakage 
currents. Pins 9 and 12 may be connected to this 
guard to simplify the PC board layout and allow 
the guard to continue under the device. (See AN-63 
for further discussion of guarding techniques.) 

NULL AND SPAN ADJUSTMENTS 

Most applications of the LH0045 will require 
potentiometers to trim the initial tolerances of the 
sensor, the external resistors and the LH0045 itself. 
The preferred adjustment procedure is to stimulate 
the sensor, alternating between two known values, 
such as zero and full scale. The span and null are 
adjusted by monitoring the output current on a 
chart recorder, meter, or oscilloscope. A full scale 
stimulus is applied to the sensor and the span 
potentiometer adjusted for the desired full scale. 
Then, to adjust the null, apply a zero percent 
signal to the sensor and adjust the null potentio- 
meter for the desired zero percent current 
indication. 

If it is impractical to cycle the sensor during the 
calibration procedure, the signal may be simulated 
electrically with two cautions: 1) the calibration 


signal must be floating and 2) the calibration thus 
achieved does not account for sensor inaccuracies 
and/or errors in the signal generator. 

SENSOR SELECTION 

Generally it is easiest to use an insulated sensor. 
If it is necessary to use a grounded sensor, the 
power supply must be isolated from chassis ground 
to avoid extraneous circulating currents. 

DESIGN EXAMPLE 

There are numerous circuit configurations that 
may be utilized with the LH0045. The following 
is intended as a general design example which 
may be extended to specific cases. 

Circuit Requirements 

Output Characteristics 

a. 0% = 4.0 mA (NULL) 

b. 100% = 20 mA (SPAN = 16 mA) 

c. Supply Voltage * 24V 

Input (Sensor) Characteristics 

a. V IN = 100 mV (Full Scale) 

b. V, N = 0 mV (Zero Scale) 

c. Source Impedance < 1.0£2 

General Characteristics 

a. 0°C < T A < +75°C 

b. Overall Accuracy < 0.5% 


V|« F - 5.1V 



FIGURE 4. Design Example Circuit 


Selection of Rp 

Input bias current to the LH0045C is guaranteed 
less than 10 nA. Furthermore, the change in l B 
over the temperature range of interest is typically 
under 1.0 nA. If l 2 span is selected to be I.OjiA 
(1000 A l B ) errors due to A l B /A T will be less 
than 0.1%. For SPAN = 16 mA. 

Vsran = AV, =-(16mA)(R9) =-1.6V 
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applications information (con't) 


where R9 = Internal Current Set Resistor = 10012 
For 1 2 span = 1.0/iA, 


Hence, the current required to generate the null 
voltage, 1 2 null is: 


'MIN V 1 NULL 


R F = 1.6 M12 

Selection of R B i and R B2 

The minimum input common mode voltage, V M(N 
required at the pin 10 input of A 2 is 1.0V. 
Furthermore, the maximum open loop supply 
current (l SOL ) drawn by the LH0045 is 3.0 mA. 
That leaves l M)N = 4.0 mA - 3.0 mA = 1.0 mA 
left to bias the bridge at null. Hence: 

_ ^ V M1N _ 1.0V 

R 0 2 ' ^ - — ■ ■ 1 — — 1,0 kH 

~ Imin 1.0 mA 


1.0V- (-0.4V) 

= 0.875pA 

1.6 M12 

This current must be provided by R os from 
V ref ; hence: 


The nominal value for V REF is 5.1V, therefore 
the nominal value for R os is: 

5.1V - 1.0V 


0.875pA 
R os = 4.6 M12 


= 1.0k (5.1 - 1.0) 

R B1 — 4.0 k!2 

Alternatively, an LM113, 1.22V reference diode, 
or an op amp such as the LM108 may be used to 
bias the signal amplifier, A 2 as shown in Figure 5. 
These techniques have the advantage of lowering 
the impedance seen at pin 10. 


It should be noted however, that the variation of 
V REF may be as high as 5.9V or as low as 4.3V. 
Furthermore, the tolerances of R9 (10012), R B1 . 
R B2 , and the input V os of A 2 would predict values 
for R os as low as 3.98M and as high as 5.43M. The 
implication is that in the specific case, R os should 
be implemented with a pot, of appropriate value, 
in order to accommodate the tolerances of V REF , 
R9, V os , R B1 , Rb2 > e t c * 

Selection of R 

SPAN is required to be 16 mA. From feedback 
theory and the gain equation we know: 


Selection of Rq§ 

Ros is selected to provide the null current of 
4.0 mA, V, NU l L = 4.0 mA x 10012 = 0.4V. 
From, previous calculations we know that V M in = 
1 ,0V. The voltage pin 11, V 2 is: 

v 2 = v min + v os — V MIN 
for V in = 0V 


R R9 


R = total impedance in signal path between 
pin 10 and pin 1 1 

R9 = Current setting resistor = 10012 
V, N = Full scale input voltage = 100 mV 




FIGURE 5. Alternate Biasing Techniques 
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(V.n)(Rf) 

(•span) (R9) 

(100 mV) (1.6 M12) 

R 

(16 mA) (10012) 

R = 100 k!2 

As before, uncertainties in device parameters might 
dictate that R F be made a pot of appropriate 
value. 

Summary of the Steps to Determine 
External Resistor Values 

1. Select I full scale = •null + •span f° r the 
desired application. (I null ' s frequently 
4.0 mA and Ifull scale is frequently 
20 mA.) 

2. Select l 2 span so that it is large compared to 
Al e . 1000 AI B is a good value. 

3. Determine V B pan = AV 2 = (Ispan)(R9). 


4. Determine R F - (Vspan/^ span) 

5. Select 


> 


'MIN 

' Imin 
1 VOLT 


null Isol 


Where: 


V M(N = minimum common mode input 
voltage 

•min = minimum available bridge current 


•sol = maximum open loop supply 
current 


6. Determine 


Rbi - Rb 


'REF V MIN 

Vmin 


7. Determine V 2 null ~ •null R9 

8. Determine 

Vmin _ V 2 null 

•2 null ~ 

h f 

9. Determine 
Vref " V M | N 


Ros - 


• 2 


10. Determine 

P _ (Vin) (Rf) 
’ (•span)(R9) 


Where: 

V| N = Sensor full scale output voltage 


ERROR BUDGET ANALYSIS 
Errors Due to Change in Vref (AV RE f) 


There are several factors which could cause a 
change in V REF . First, as the ambient temperature 
changes, a V REF drift of ±0.2 mV/°C might 
be expected. Secondly, supply voltage variations 
could cause a 0.5 mV/V change in V REF . Lastly, 
self-heating due to power dissipation variations 
can cause drift of the reference. 

An overall expression for change in V REF is: 

A V REF 

AV bef = [(0)<AP D1SS ) + AT a ) — — 

V AT j 

Y 

Thermal Effects 


Where: 


AV r 


, AV S 


(A V s ) 


Supply Voltage Effects 


d = Thermal resistance, either 

junction-to-ambient to junction 
to case 

A^diss = Change in avg. power dissipation 
AT a = Change in ambient temperature 

^V REF _ Reference voltage drift 
(in mV/°C) 

av ref 

= Line regulation of V REF 

AV S 


Several steps may be taken to minimize the 
bracketed terms in the equation above. For 
example, operating the LH0045G with a heat-sink 
reduces the thermal resistance from 0 JA * 83°C/W 
to 0 j C = 60°C/W. For the LH0045K (TO-3) 
0 j A = 40°C/W may be reduced to 0 JC = 25°C/W 
by using a heat sink. The AP mss term may be 
significantly reduced using the power minimiza- 
tion technique described under "Thermal Con- 
siderations." For the design example, AP DISS is 
reduced from 384 mW to 77 mW (R L = 80012.) 
Evaluating the LH0045G with a heat-sink and 
R l = 80012 yields^ 


av r 


■t 


60° C 

w 

0.5 mV 


(0.077W) + 75°C 
(16 V) 




AV REF =24 mV 


The LH0045K (TO-3) under the same operating 
conditions would exhibit a AV REF = 23 mV. 
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applications information (con't) 


An expression for error in the output current 
due to AV ref is: 

Al s (K) (R os HAV ref ) - (1 -KHAV ref )(R f ) 

(%) = 100 

•span (R9)(R O s)0span) 


Total change in V F 


R9 = Current set resistor 

•span = Change in output current from 
0% to 100% 


For the design example, AV 0 s = 0.263 mV, V )N 
(Full Scale) = 100 mV. Hence, 0.26 mV 4- 100 mV 
or 0.26% worst case error could be expected in 
output current effects. 

Errors Due to Changes in R9 

The temperature coefficient of R9 (TCR) will 
produce errors in the output current. Changes in 
R9 may be caused by self-heating of the device or 
by ambient temperature changes. 

Ale AR9 

(in %) = 100 ( 0 P mss + AT a ) 


For example, AV REF = 24 mV, K = 0.2, R9 = 
10012, Ispan = 16 mA. Hence, a 0.12% worst case 
error might be expected in output currents due to 
AV ref effects. 

Error Due to Vqs Drift 

One of the primary causes of error in l s is caused 
by Vqs drift. Drift may be induced either by 
self heating of the device or ambient temperature 
changes. The input offset voltage drift, AV 0 s/AT, 
is nominally 3. 3/iV/°C per millivolt of initial offset. 
An expression for the total temperature dependent 
drift is: 


AV os = [(0)(AP D1SS ) + AT a ] 


0 = Thermal resistance either from 
junction-to-ambient or^ junction-to- 
case 

APdiss = Change in average power dissipation 
AT a = Change in ambient temperature 
AR9 

= TCR of R9 


Using the LH0045G design example, AR9/AT = 
0.03%/°C, hence a 3.2% worst case error in output 
current might be expected for operation without 
a heat sink over the temperature range. 

Heat sinking the device and using R L = 80012, 
reduces AI s /I span to 2.3%. Comparable error for 
the LH0045K would also be about 2.3%. 


0 = Thermal resistance either junction- 
to-ambient or junction-to-case 

APdiss = Change in average power dissipation 

AT a = Change in ambient temperature 

The bracketed term may be minimized by 
heat sinking and using the power minimiza- 
tion technique described under “Thermal 
Considerations." For the LH0045G design 
example, AV os = 0.352 mV under ambient 
conditions and 0.263 mV using a heat-sink 
and R l = 80012. Comparable V Q s for the 
LH0045K would be 0.254 mV. 

The error in output current due to AVqs is: 


— (in %) = 100 x 


- V IN (FULL SCALE) 


(R)(R9)0span) 


The error analysis indicates that the internal 
current set, resistor, R9 is inadequate to satisfy 
high accuracy design criterion. In these instances, 
an external 10012 resistor should be substituted 
for R9. 

Obviously, the TCR of the resistor should be low. 
Metal film or wire-wound resistors are the best 
choice offering TCR's less than 10 ppm/°C versus 
50 ppm/°C typical drift for R9. 

External Causes of Error 

The components external to the LH0045 are also 
critical in determining errors. Specifically, the 
composition of resistors R B1 , Ros* Rf» R* etc. 
in the design example will influence both drift 
and long term stability. 

In particular, resistors and potentiometers of wire 
wound construction are recommended. Also, metal- 
film resistors with low TCR (< 10 ppm/°C) may 
be used for fixed resistor applications. 
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LH0045/LH0045C 




LH0045/LH0045C 


applications information (con't) 


Error Analysis Summary 

SOCKETS AND HEAT SINKS 

The overall errors attributable to the LH0045 
may be minimized using heat sinking, and utiliza- 
tion of an external load resistor. Although R L 
reduces the compliance of the circuit, its. use is 
generally advisable in precision applications. Ex- 
ternal components should be selected for low 

TCR and long-term stability. 

Mounting sockets, test sockets, and heat sinks 
are available for the G package and K package. 

The following or their equivalents are 
recommended: 

Sockets: 

G - 12 lead TO-8: Barnes Corp. #MGX-12 

Textool #212-100-323 

The design example errors, using an external 

100a wire wound resistor for R9 equal: 

K — 8 lead TO-3: Keystone Elec. (N.Y.) #4626 
or #4627 


Heat Sinks 

Al s 

•= 0.12% + 0.26% + a08% = 0.46% 

G - 1 2 lead TO-8: Thermalloy #2240A 

Wakefield #215-CB 

AVref AVqs AR9 

K - 8 lead TO-3: IERC #LAIC 3B4V 

definition of terms 


Input Offset Voltage, Vqs : The voltage which 
must be applied between the input terminals 
through equal resistances to obtain 4.0 mA of 
supply (output) current. 

Common Mode Rejection Ratio, CMRR: The ratio 
of the change in input offset voltage to the peak- 
to-peak input voltage range. 

Input Bias Current, la: The average of the two 
input currents. 

Power Supply Rejection Ratio, PSRR: The ratio 
of the change in input offset voltage to the change 
in supply (output) voltage producing it. 

Input Offset Current, Iqs : The difference in the 
current into the two input terminals when the 
supply (output) current is 4.0 mA. 

Input Voltage Range, Vim*. The range of voltages 
on the input terminals for which the device 
operates within specifications. 

Input Resistance, R||»: The ratio of the change 
in input voltage to the change in input current at 
either input with the other input connected to 

Open Loop Supply Current, Is: The supply current 
required with the signal amplifier A 2 biased off 
(inverting input positive, non-inverting input nega- 
tive) and no load on the V REF terminal. 

1.0 Vdc. 

This represents a measure of the minimum low 
end signal current. 

Open Loop Transconductance, giviOL • The ratio 
of the supply (output) current SPAN to the input 
voltage required to produce that SPAN. 

Reference Voltage Line Regulation, AVref/AVs: 

The ratio of the change in V REF to the peak-to- 
peak change in supply (output) voltage producing 
it. 

Open Loop Output Resistance, Rout : The ratio 
of a specified supply (output) voltage change to 
the resulting change in supply (output) current at 
the specified current level. 

Reference Voltage Load Regulation, AVref/ 

Al ref • The change in V REF for a stipulated 
change in l REF . 
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National 

Semiconductor 


Operational Amplifiers/Buffers J 


LH0061/LH0061C 0.5 Amp Wide Band 
Operational Amplifier 

general description 

The LH0061/LH0061C is a wide band, high speed, LH0061 is guarai 

operational amplifier capable of supplying currents -55°C to +125°C 

in excess of 0.5 ampere at voltage levels of ±12V. anteed from -25‘ 

Output short circuit protection is set by external 

resistors, and compensation is accomplished with a , 

single external capacitor. With a suitable heat sink TeatlireS 

the device is rated at 20 Watts. B Output curren 

The wide bandwidth and high output power capa- Wide large sigr 

bilities of the LH0061/LH0061C make it ideal for " Hi 9 h s,ew rate 

such applications as AC servos, deflection yoke ■ Low standby | 

drivers, capstan drivers, and audio amplifiers. The ■ Low input cur 









LH0061/LH0061 C 


absolute maximum ratings 

Supply Voltage ±18V 

Power Dissipation See Curve 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Peak Output Current 2A 

Output Short Circuit Duration (Note 4) Continuous 

Operating Temperature Range LH0061 -55°C to +125°C 

LH0061C -25°C to +85° C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


dc electrical characteristics (Note n 


PARAMETER 

CONDITIONS 

Input Offset Voltage 

Rs <L 10 kf2, T c = 25°C, V s = ±15V 
R s £ 10kJ2, V s = ±15V 

Voltage Drift with Temperature 

R s £ 10kS2 

Offset Voltage Change with Output Power 


Input Offset Current 

T c = 25°C 

Offset Current Drift with Temperature 


Input Bias Current 

T c = 25°C 

Input Resistance 

T c - 25 C 

Input Capacitance 


Common Mode Rejection Ratio 

R s <; 10kS2. AV cm = 410V 

Input Voltage Range 

V s = i 15V 

Power Supply Rejection Ratio 

R s < 10 kS2. AV S = +10V 

Voltage Gam 

V s = ±15V, V 0 = ilOV 

R l = 1 kS2. T c = 25°C 

V s = n5 V. V 0 = H0V 

R l = 20S2 

Output Voltage Swing 

V s = 1 15V. R l = 2012 

Output Short Circuit Current 

V s = ±15V, T c = 25"C, R sc = 1.0£2 

Power Supply Current 

V s = i 1 5V. V OUT = 0 

Power Consumption 

V s = 115V.V OUT = 0 



ac electrical characteristics (T c = 25°c, v s = ±i5v,c c = 3000pF) 


Slew Rate 

A v = +1, R L = 1 0012 

25 

70 


25 

70 


Power Bandwidth 

R l = 100S2 


1 



1 


Small Signal Transient Response 



30 



30 


Small Signal Overshoot 



mm 

20 


10 

30 

Settling Time (0.1%) 

AV, n = 10V. A v = +1 


B 



0.8 


Overload Recovery Time 



m 



1 


Harmonic Distortion 

f = 1 kHz, P G = 0.5W 


IB 



0.2 




Notel: Specifications apply for +5V < Vs <1 ±18V, Cc = 3000 pF, and -55°C <, Tc <. +125°C for the LH0061K 
-25°C <;Tc < +85° C for the LH0061CK. Typical values are for Tc = 25°C. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Excessive current will flow if a t 
ential voltage in excess of IV is applied between the inputs without limiting resistors. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: Rating applies as long as package power rating is not exceeded. 
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typical performance characteristics 


Power Derating 



0 25 50 75 100 125 


TEMPERATURE ( C) 



Large Signal Frequency 



0.5M 1M 2M 5M 10M 20M 


OUTPUT VOLTAGE <V) 


FREQUENCY (Hz) 


typical applications 



Unity Gain Driver 


90.9K 



AC Servo Amplifier 






LH0062/LH0062C 



National 

Semiconductor 


Operational Amplifiers/Buffers 


LH0062/LH0062C High Speed FET Operational 
Amplifier 


general description 

The LH0062/LH0062C is a precision, high speed 
FET input operational amplifier with more than 
an order of magnitude improvement in slew rate 
and bandwidth over conventional FET 1C op 
amps. In addition it features very closely matched 
input characteristics, very high input impedance,, 
and ultra low input currents with no compromise 
in noise, common mode rejection ratio or open 
loop gain. The device has internal unity gain fre- 
quency compensation, thus assuring stability in all 
normal applications. This considerably simplifies 
its application,, since no external components are 
necessary for operation. However, unlike most 
internally compensated amplifiers, external fre- 
quency compensation may be added for optimum 
performance. For inverting applications, feed- 
forward compensation will boost the slew rate to 
over 120 V//i$ and almost double the bandwidth. 
(See LB-2, LB-14, and LB-17 for discussions of 
the application of feed-forward techniques). Over- 
compensation can be used with the amplifier for 
greater stability when maximum bandwidth is not 
needed. Further, a single capacitor can be added to 
reduce the 0.1% settling time to under 1 /is. In 
addition it is free of latch-up and may be simply 
offset nulled with negligible effect on offset drift 
orCMRR. 


The LH0062 is designed for applications requiring 
wide bandwidth, high slew rate and fast settling 
time while at the same time demanding the high 
input impedance and low input currents character- 
istic of FET inputs. Thus it is particularly suited 
for such applications as video amplifiers, Sample/ 
hold circuits, high speed integrators, and buffers 
for A/D conversion and multiplex system. The 
LH0062 is specified for the full military tempera- 
ture range of -55° to +125°C while the LH0062C 
is specified to operate over a -25°C to +85°C 


temperature range. 

features 

■ High slew rate 70 V/fis 

■ Wide bandwidth 15 MHz 

■ Settling time (0.1%) Ijus 

■ Low input offset voltage 2 mV 

■ Low input offset current ' 1 pA 

■ Wide supply range ±5V to ±20V 


■ Internal 6 dB/octave frequency compensation 

■ Pin compatible with std 1C op amps (TO-5 pkg) 


schematic and connection diagrams* 



Metal Can Package 

COMP } 



TOP VIEW 

Order Number 
LH0062H or LH0062CH 
See Package H08A 


Dual-In-Line Package 



Order Number 
LH0062D or LH0062CD 
See Package D14E 
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absolute maximum ratings 








Supply Voltage 

±20V 

Operating Temperature 





Power Dissipation (see graph) 

500 mW 


LH0062, 





55°C to +125°C 

Input Voltage (Note 1) 

±5V 


LH0062C, 




-25°C to +85°C 

Differential Input Voltage (Note 2) 

±30V 

Storage Temperature Range 


- 

65°C to +150°C 

Short Circuit Duration 

Continuous 

Lead Temperature (Soldering, 10 sec) 


300° C 

dc electrical characteristics (Note 3) 









LIMITS 


PARAMETER 

CONDITIONS 

LH0062 

LH0062C 

UNITS 



MIN 

TYP 

MAX 

ms 




Input Offset Voltage 

R s £ 100 kfi; T a = 25° C 


2 

5 


10 

15 

mV 


R s £ 100 k« 



7 



20 

mV 

Temperature Coefficient of 

R s ^ 100 kH 


5 

25 


10 

35 

pV/°C 

Input Offset Voltage 









Offset Voltage Drift with Time 



4 



5 


pV/week 

Input Offset Current 

T A = 25°C 


0.2 

2 


1 

5 

pA 





2 



0.2 

nA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10°C 


Input Offset Current 









Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 

T a = 25°C 


5 

10 


10 

65 

PA 





10 



2 

nA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10°C 


Input Bias Current 









Differential Input Resistance 



10 12 



10 12 


n 

Common Mode Input Resistance 



10 12 



10 12 


n 

* Input Capacitance 



4 



4 


pF 

, Input Voltage Range 

Vg = ±15V 

±10 

±12 


±10 

±12 


V 

Common Mode Rejection Ratio 

R s ^ 10kS2, V, N = ±10V 

80 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

Rg^lOkn, ±5V^V S £±15V 

' 80 

90 


70 

90 


dB 

Large Signal Voltage Gain 

R l = 2kfi, Vqut = ±10V. 

T A = 25°C, Vg= ±15V 

50 

200 


25 

160 


V/mV 


R L = 2kJ2,V OUT = ±10V, 

Vg= ±15V 

25 



25 



V/mV 

Output Voltage Swing 

R L = 2 kn. T a = 25°C, 

Vg=±15V 

±12 

±13 


±12 

±13 


' V 


R u = 2kn. V s = ±15V 

±10 



±10 



V 

Output Current Swing 

Vout = -10V, T a = 25° C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


n 

Output Short Circuit Current 

T a = 25° C 


25 



25 


mA 

Supply Current 

Vg = ±15V 


5 

8 


7 

12 

mA 

Power Consumption 

Vg = ±15V 



240 



360 

mW 

ac electrical characteristics (t a = 

25°C, \ 

+1 

II 

C/3 

15V) 







| LIMITS 


PARAMETER 

CONDITIONS 

| LH0062 

LH0062C 

UNITS 



M!IIM 

TYP 



TYP 

I22S3I 


Slew Rate 

Voltage Follower 

50 

70 


50 

70 


V/ps 

Large Signal Bandwidth 

Voltage Follower 


2 



2 


MHz 

Small Signal Bandwidth 



15 



15 


MHz 

Rise Time 



25 



25 


ns 

Overshoot 



10 



15 


% 

Settling Time (0.1%) 

AV, n = 10V 


1 



1 


/is 

Overload Recovery 



09 ' 



0.9 


PS 

Input Noise Voltage 

R s = 10 kJ2. f 0 = 10 Hz 


150 



150 


nV/v/Hz 

Input Noise Voltage 

R s = 10kfl. f Q = 100 Hz 


55 



55 


nV/v/Hz 

Input Noise Voltage 

R s = 10 kfl. f G = 1 kHz 


35 



35 


nV/v/Hz 

Input Noise Voltage 

R s = 10 kft, f D = 10 kHz 


30 



30 


nV/\/Hz 

Input Noise Voltage 

BW = 10 Hz to 10 kHz, R s = 10 kft 


12 



12 


pVrms 

Input Noise Current 

BW = 10 Hz to 10 kHz 


<.1 



<.1 


pArms 

I Not* 1: For supply voltages less than ♦ 15V, the absolute maximum input voltage is equal to the supply voltage 






Note 2: Inputs are protected from excessive voltages by back-to-back diodes. Input currents should be limited to 1 mA. 
Note 3: Unless otherwise specified, these specifications apply for »5V < Vg < t20V and -55°C < T/y < ♦125°C for the 
LH0062 and -25°C < T« < +85° C for LH0062C. Typical values are given for Ta = 25°C. Power supplies should be bypassed 





with 0.1 j*F ceramic capacitors. 










3-295 


LH0062/LH0062C 


























PHASE LAG (degrees) PHASE LAG (degrees) 






typical performance characteristics (con't) 


Input Bias Current 
vs Input Voltage 


-10 -6 -2 2 6 10 
COMMON MODE INPUT VOLTAGE (V) 


Total Input Noise 
Voltage* vs Frequency 



Total Input Noise Voltage* 
vs Source Resistance 


00 Ik 10k 100k 

FREQUENCY (Hr) 


1 

Biiiiimi 

1 

Illllll 

Hill! 

lllllllllllllllllllll 

inn 

IIIIIIIIIIIIIIMIIII 

1118: 

ill 

III 

HIM!! 

iilQI 

111 

liiiiiiiiiillll 

in 

m 


inn 

■ 

Bairn 

nil 

11 

10 


SOURCE RESISTANCE (i i) 


Common Mode Rejection 


Power Supply Rejection 



10 IS 

SUPPLY VOLTAGE (‘VI 



— 


R s = ' 
-T a = 

2 kS2 

25 C_ 








\ 

\ 





A 






\ 







100 tk 10k 100k 1M 10M 

FREQUENCY (Hr) 





Ta 

25 C 


s, 







^ SUPPLY 

1 

i n 

NEGATIVE SUPPLY 

K 






V- 





x 


10Q Ik 10k 100k 1M 10M 

FREQUENCY (Hr) 


Supply Current 


Current Limiting 


Closed Loop Output 
Impedance 




10 IS 20 0 5 10 IS 20 25 


SUPPLY VOLTAGE (iV) 


auxiliary circuits 

Feedforward Compensation for Greater 
Inverting Slew Rate* 


OUTPUT CURRENT (mA) 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


*Noise Voltage Includes Contribution from Source Resistance 


Offset Balancing Compensation for Minimum Settling* Time 



*Slew rate typically 150V/^s. 




*Slew and settling time 
to 0.1% for a 10V step 
change is 800 ns. 
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LH21 1 0/LH221 0/LH231 0 


WA National 

Semiconductor 


Operational Amplifiers/Buffers 


LH21 1 0/LH221 0/LH231 0 Dual Voltage Follower 


general description 

The LH2110 Series of dual voltage followers are 
two LMItO type followers in a single hermetic 
package. Featuring all the same performance char- 
acteristics of the single, these duals offer in addi- 
tion closer thermal tracking, lower weight, reduced 
insertion cost and smaller size than two singles. 
For additional information, see the LM110 data 
sheet and National's Linear Application Notebook. 


The LH2110 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH2210 is specified for operation over the -25°C 
to +85°C temperature range. The LH2310 is speci- 


fied for operation over the 0°C to +70°C temper- 
ature range. 

features 


Low input current 

High input resistance 

High slew rate 

Wide bandwidth 

Wide operating supply range 

Output short circuit proof 


10 10 ohms 


±5V to ± 1 8V 


connection diagram 


auxiliary circuits 



11 ^ ) BALANCE 


Order Number LH2110D or 
LH2210D or LH2310D 
See Package D16C 


•May b« added to reduce 
internet dissipation. 


Increasing Negative Swing Under Load 


19 


Offset Balancing Circuit 
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absolute maximum ratings 

Supply Voltage ±18V Operating Temperature Range LH2110 

Power Dissipation (Note 1) 500 mW LH2210 

Input Voltage (Note 2) ±15V LH2310 

Output Short Circuit Duration (Note 3) Continuous Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

electrical characteristics Each side (Note 4) 


PARAMETER 

CONDITIONS 

LIMITS 


LH2110 

LH2210 

LH2310 


Input Offset Voltage 

T a = 25°C 

4.0 

4.0 

7.5 

mV Max 

Input Bias Current 

T a = 25°C 

3.0 

3.0 

7.0 

nA Max 

Input Resistance 

Ta - 25°C 

10 10 

10 10 

10 10 

£2 Min 

Input Capacitance 


1.5 

1.5 

1.5 

pF Typ 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V 

V OU T = ±10V, R L = 8k£2 

.999 

.999 

.999 

V/V Min 

Output Resistance 

T a = 25°C 

2.5 

2.5 

2.5 

£2 Max 

Supply Current (Each Amplifier) 

T a = 25°C 

5.5 

5.5 

5.5 

mA Max 

Input Offset Voltage 


6.0 

6.0 

10 

mV Max 

Offset Voltage 

-55°C <; T a ^ 85°C 

6 

6 

10 

pV/°C Typ 

Temperature Drift 

T a = 125°C 

12 

12 

- 

pV/°C Typ 

Input Bias Current 

i 

10 

10 

10 

nA Max 

Large Signal Voltage Gain 

V s = ±15V, V OUT = ±10V 

R l = 10k£2 

.999 

.999 

.999 

V/V Min 

Output Voltage Swing (Note 5) 

V s = ±15V, R l = 10 k£2 

+ 10 

±10 

±10 

V Min 

Supply Current (Each Amplifier) 

T a = 125°C 

4.0 

4.0 

- 

mA Max 

Supply Voltage Rejection Ratio 

±5V£V S £±18V 

70 

70 

70 

dB Min 


Notel: The maximum junction temperature of the LH2110 is 150°C, while that of the LH2210 is 100°C and that of the LH2310 is 85°C. For 
operating devices in the flat package at elevated temperatures, the derating is based on a thermal resistance of 185°C/W when mounted on a 
1/16-inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 100°C/W, 
junction to amlpient. 

Note 2: For supply voltages less than ±15 V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 70° C. It is necessary to insert a resistor 
greater than 2 kft in series with the input when the amplifier is driven from low impedance sources to prevent damage when the output is shorted. 
Note 4: These specifications apply for ±5V < Vs < ±18V and -55°C < T/\ < 125°C, unless otherwise specified. With the LM210, however, all 
temperature specifications are limited to -25°C < T/\ < 85° C, and for the LH2310, all temperature specifications are limited to 0°C < T/\ < 70° C. 
Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V" terminals. 


-55°C to 125°C 
-25 c C to 85°C 
0°C to 70° C 
-65° C to 150°C 
300 °C 
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Section 4 

Instrumentation 

Amplifiers 




Instrumentation Amplifiers 


Section Contents 


Special Function instrumentation Amplifier Guide 4-iii 

Definition of Terms 4-iv 

LF152/LF352 FET Input Instrumentation Amplifier. 4-1 

LM121/LM221/LM321, LM121A/LM221A/LM321A Precision Preamplifiers 4-11 


Note. For additional information on instrumentation amplifiers, see National Semiconductor’s Special Functions 
Databook. 
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All of the amplifiers in this guide are true differential input instrumentation amplifiers with very high common mode rejection and 
adjustable gain. 








| Part Number j 


Features 

l B Max 

v OSin 

Max 

avqs 

Gain 

Lin. 

Gain 

Tempco 

Gain 

Error 

-25°C to 
85 °C 

-55°C to 
125°C 


90/jW dissipation, wide 
supply range, one 
external gain set 
resistor 

125nA 
100 nA 

> > 

E E 

CVJ T- 

io m v/°c 

10mV/°C 

0.03% 

0.03% 


3% max 
1% max 

LH0036C 

LH0036 

3-4 

Low cost, one external 
gain set resistor 

500 nA 

2 mV 

1 mV 

10mV/°C 

10mV/°C 

0.03% 

0.03% 

* 

1% 

0.3% 

LH0037C 

LH0037 

3-12 

Ultra low drift, all gain set 
resistors internal, very 
low noise, very linear, 
guard drive amplifier 
included 

lOOnA 

150 mV 
. 100mV 

1 mV/ °C max 
0.25 mV/ °C 
max 

1 ppm 

1 ppm 

7ppm/°C 

7ppm/°C 

p o 

v° vO 
O' o' 

LH0038C 

LH0038 

3-15 


‘Dependent upon external resistors. 


** Refers to Special Functions Databook, 1979 edition 
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Definition of Terms 



National 

Semiconductor 


Instrumentation Amplifiers 


Definition of Terms 

Bandwidth: That frequency at which the voltage gain 
is reduced to 1/\/2 times the low frequency value. 

Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peakxhange 
in input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic 
distortion being defined as one-hundred times the ratio 
of the root-mean-square (rms) sum of the harmonics to 
the fundamental. % harmonic distortion = 

(V2 2 + V3 2 + V4 2 + . . .) 1/2 (100%) 

VI " 

where VI is the rms amplitude of the fundamental and 
M2, M3, V4, ... are the rms amplitudes of the individual 
harmonics. 

Input Bias Current: The average of the two input 
currents. 

Input Common-Mode Voltage Range: The range of 
voltages on the input terminals for which the amplifier 
is operational. Note that the specifications are not 
guaranteed over the full common-mode voltage range 
unless specifically stated. 

Input Impedance: The ratio of input voltage to input 
current under the stated conditions for source resistance- 
(Rs) and load resistance (Ri_). 

Input Offset Current: The difference in the currents 
into the two input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be 
applied between the input terminals through two equal 
resistances to obtain zero output voltage. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Input Voltage Range: The range of voltages on the 
input terminals for which the amplifier operates within 
specifications. 


Large-Signal Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage required 
to drive the output from zero to this voltage. 

Output Impedance: The ratio of output voltage to 
output current under the stated conditions for source 
resistance (R$) and load resistance (Rl). 

Output Resistance: The small signal resistance seen at 
the output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, 
referred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift 
rate of offset voltage for a thermal variation from room 
temperature to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in 
input offset voltage to the change in power supply 
voltages producing it. 

Settling Time: The time between the initiation of the 
input step function and the time when the output 
voltage has settled to within a specified error band of 
the final output voltage. 

Slew Rate: The internally-limited rate of change in 
output voltage with a large-amplitude step function 
applied to the input. 

Supply Current: The current required from the power 
supply to operate the amplifier with no load and the 
output midway between the supplies. 

Transient Response: The closed-loop step-function 
response of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to 
the frequency where the amplifier open loop gain rolls 
off to one. 

Voltage Gain: The ratio of output voltage to input 
voltage under the stated conditions for source resis- 
tance (Rs) and load resistance (R|_). 
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National 

Semiconductor 


Instrumentation Amplifiers 



BI-FET Technology 


LF152/LF352 FET Input Instrumentation Amplifier 


General Description 

The LF152 series is the first monolithic JFET input 
instrumentation amplifier. The well-matched high voltage 
JFET input devices provide very high input impedance 
and extremely low bias currents, making the LF152 
ideal in applications where high source impedances 
are encountered. 

The LF152 very accurately amplifies a differential 
input signal and rejects common-mode signal and noise. 
It is not an op amp, but operates with an internal 
closed loop gain connection which allows good linearity 
with no external feedback. The LF152 eliminates the 
need for extremely precise resistor matching to obtain 
high common-mode rejection (CMR) and provides high 
input impedance as compared to the use of conventional 
op amps connected as a difference amplifier. 

The LF152 utilizes internal differential current feedback 
eliminating the need for precision external feedback 
components. The amplifier gain can be easily adjusted 
from 1 to 1000 by changing the value of a single resis: 
tor. The transfer function for the LF152 is highly 


accurate because it has a very low initial gain error and 
non-linearity. The bandwidth and slew rate are externally 
controlled and the sense input and device output are 
pinned out separately for added versatility. 

Features 

■ JFET inputs 

■ High input impedance 

■ Low bias currents 

■ Low noise currents 

■ Low gain nonlinearity 

■ High common-mode rejection ratio 
(G = 100) 

■ Single resistor gain adjust 

■ External compensation for extended gain and 
frequency ranges 

■ Both input and output offset adjust capability to 
allow a change of gain without rezeroing 

■ Low supply current 1 mA 


2 x io 12 n 
3 pA 
0.01 pA rms 
0.02% 
1 10 dB min 


Connection Diagram 0UTPUT Dual-1 n-Line Package 


OFFSET 



Order Number LF152D 
or LF352D 
See NS Package D16C 


Simplified Schematic 



FIGURE 1 


Typical Circuit 


* v cc 
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LF152/LF352 




LF152/LF352 


Absolute Maximum Ratings 




LF152 

LF352 

Supply Voltage 

±22 V 

±18V 

Differential Input Voltage 

±44V 

±36V 

Input Voltage Range 

±22V 

±18V 

Output Short Circuit Duration 

Continuous 

Continuous s 

Power Dissipation and Thermal Resistance 



(Note 1 ) 



Cavity DIP (D) Pq (25°C) 

900 mW 

900 mW 

e \A 

100°C/W 

100°C/W 

Maximum Junction Temperature 

+150°C 

+100°C 

Operating Temperature Range 

-55°C<T A <+125°C 

0°C < T A < +70°C 

Storage Temperature Range 

-65°C<T A <+150°C 

~65°C < T A < +150° C , 

Lead Temperature (Soldering, 60 seconds) 

300° C 

300°C 

DC Electrical Characteristics (Notes 2 and 3 ) 




PARAMETER 

Gr 

Gain Range 

G 

Gain Equation 

g e 

Error From Gain Equation 

. g nl 

Gain Nonlinearity 

AG /AT 

Gain Temperature Coefficient 

vo 

Output Voltage Range 

Ro 

Output Resistance 

V IN 

Input Voltage Range 

'B 

Input Bias Current 

ho 

Input Offset Current 

Rin 

Input Resistance 

Differential 

Common-Mode 

C|N 

Input Capacitance 

Differential 

Common-Mode 

CMRR 

Common-Mode Rejection 
'( RTI ) (Note 4) 

V|OS 

Input Offset Voltage 

AV 10 S/AT 

Temperature Coefficient 

AV|0S/AVs 

Supply Sensitivity 

voos 

Output Offset Voltage 

AVoos/AT 

Temperature Coefficient 

AV00S/AVs 

Supply Sensitivity’ ' 

'ref 

Reference Current 

Rref 

Reference Input Resistance 

•s 

Supply Current 


RC - 1600, C C = 0.002^F 

g-r s /Rg 

TA = 25°C, G = 1-100, R|_ = 10k 
T A = 25°C, G = 1-100, R L = 10k 


RL = 2k 

T A = 25°C, G = 1 

T A = 25°C 
T A = 25° C 

























AC Electrical Characteristics (Notes 2 and 3) 

PARAMETER 

CONDITIONS 

LF152 

LF352 

UNITS 

MIN 

TYP MAX 

MIN 

TYP MAX 

e n 

Noise Voltage (RTI) (Note 5) 

Ta = 25° C 








0.1 Hz - 10 Hz 


1.31670/G 


1.3+670/G • 

/uVp-p 



10 Hz - 10 kHz 


8t450/G 


8+450/G 

pVrms 

•n 

Noise Current (RTI) (Note 5) 

Ta = 25°C, 10 Hz - 10 kHz 


0.01 


0.01 

pArms 

GBW 

Small Signal Bandwidth 

T A = 25°C, ±3 dB 








G = 1 


140 


140 

kHz 



G - 10 


50 


50 

kHz 



G = 100 


30 


30 

kHz 



G = 1000 


7 


7 

kHz 



Ta - 25°C, ±1% Flatness 








G = 1 

5 


5 

kHz 



G = 10 


4 


4 

kHz 



G = 100 


2 


2 

kHz 



G = 1000 


1.5 


1.5 

kHz 



PBW Full-Power Bandwidth 

SR Slew Rate 

ts Settling Time 0.1% Ta = 25° C 

G = 1 

G = 10 
G = 100 
G = 1000 


Note 1: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tj MAX' 0 jA' and the 
ambient temperature, Ta- The maximum available power dissipation at any temperature is Pq = (Tj MAX ~ T A^jA or ttie 25°C Pq MAX' 
whichever is less. 

Note 2: These specifications apply for V§ = ±15V and over the absolute maximum operating temperature range (Tl < Ta < Tj_|) unless otherwise 
noted. Parameters are specified for Rq = 160£2, Cc = 0.002 aiF, and a proper layout such as the PC board in Figure 7, which is laid out for 
Figure 2 and Figure 4. 

Note 3: If VqoS adjust ,s not used, pins 1 , 2 and 16 MUST be shorted to Vqq. 

Note 4: Referred to input (RTI). May be referred to output by subtracting gain in dB. 

Note 5: Referred to input (RTI). May be referred to output by multiplying by gain G. 


Typical Performance Characteristics 


Input Bias Current 



-25 25 75 125 

TEMPERATURE (°C) 


Supply Current 



10 15 

SUPPLY VOLTAGE (±V) 


Gain Nonlinearity 



0 4 8 12 16 20 24 28 

LOAD RESISTANCE (kn) 


Positive Common-Mode Input 
Voltage Limit 



Negative Common-Mode Input 
Voltage Limit 



Positive Current Limit 

I II II A-V 


POSITIVE SUPPLY VOLTS (V) 


NEGATIVE SUPPLY VOLTS (V) 


-3 


0 5 10 15 20 25 30 35 

OUTPUT SOURCE CURRENT (mA) 


LF152/LF352 



























CM 

in 

co 

LL 


Typical Performance Characteristics (Continued) 




0 5 10 15 20 25 30 35 

OUTPUT SINK CURRENT (mA) 


Common-Mode Rejection 
Ratio (RTI) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio (RTI) 



100 Ik 10k 100k 1M 

SOURCE IMPEDANCE UNBALANCE (fi) 


Frequency Response 


Positive Power Supply Rejection 
Ratio (RTI) 


Negative Power Supply Rejection 
Ratio (RTI) 




10 100 Ik 10k 

FREQUENCY (Hz) 



10 100 Ik 10k 

FREQUENCY (Hz) 


Small Signal Pulse Response 
(G = 1) 


Small Signal Pulse Response 
(G = 10) 


Small Signal Pulse Response 
(G = 100) 





TIME (5/is/OIV) 


TIME (5^/DIV) 


TIME (20/us/DI V) 


Small Signal Pulse Response 
(G = 1000) 


Large Signal Pulse Response 
(G = 1 ) 


Large Signal Pulse Response 
(G = 10) 








V 

S = ±15V 

A = 25°C 
= 1000 

C = 0.002/iF . 

c = I60n 







T 







C 


/ 





l R 


/ 





l 





/ 





\ 





r 





\ 









































V 

S = i15V 

A = 25" C 
= 1 

= 0.002/iF- 
C = i60n 







T 


A 





-C 

R 


/' 

r“ 





/ 










l 










L 









































TIME (100WDIV) 


TIME (20/is/DIV) 


TIME (20//S/DIV) 




Typical Performance Characteristics (Continued) 


Large Signal Pulse Response 
(G - 100) 

v s = ± 15 v 

T A = 25° C 

G = 100 

C — Cc = 0.002 P F- 

I R = 160n 


Large Signal Pulse Response 
(G = 1000) 

| V s = t15V 

T A -25C 

G = 1000 

y — C C = 0.002/jF • 

Rc = 1600 . 


Equivalent Input Noise 
Voltage 



10 100 Ik 10k 100k 


Output Resistance 


10 100 Ik 10k 


Application Hints 


BASIC OPERATION 


The LF152 is a monolithic JFET input differential 
current feedback instrumentation amplifier. The Bl- 
FET process used to fabricate the LF152 makes it 
possible to take advantage of JFETs throughout the 
design. In the simplified schematic of Figure 1, the 
differential input voltage is impressed across resistor 
Rq via the input JFETs, while the difference between 
the sense and reference voltages is impressed across 
the resistor R$. The gain of the amplifier is determined 
by the ratio of resistor Rs to resistor Hq (G = Rs/Rg)- 
(For clarity let's follow a signal through the amplifier:) 

In Figure 1 , let R q — R's ~ 1 M£2, the (-) input be 
grounded, and the (+) input be IV; the output should 
be IV. The IV signal applied developes 1/iA through 
Rq from right to left and unbalances the current drive 
to the second stage amplifier. The additional current 
driven into the (+) input of the second stage amplifier 
causes the output to increase. As Vq increases, the 
sense input voltage increases and the left side of R$ 
also increases. When the sense input has risen IV, IfiA 
will flow through R§ from left to right and, thus, sub- 
tract IjuA from li. An opposite action simultaneously 
occurs in 12 which brings the currents into the second 
stage and thus the system back into balance. 


common-mode rejection, low gain non-linearity, 
extremely low bias currents and very high input 
impedance. 


The P-channel JFET input devices of the LF152 series 
provide very low bias currents and very high input 
impedances. 

The maximum differential input voltage is independent 
of the supply voltages, however, neither of the input 
voltages should be allowed to exceed the negative supply, 
as this will cause large currents to flow, which can result 
in a destroyed unit. 

Exceeding the negative voltage range on either input 
will cause a reversal of phase to the output and force 
the amplifier output to the corresponding high or 
low state. Exceeding the negative input voltage range 
on both inputs will force the amplifier output to a high 
state. Exceeding the positive input voltage range on a 
single input will not change the phase of the output; 
however, gain linearity will degrade. If both inputs 
exceed the positive input voltage range, the output of 
the amplifier will be forced to a high state. 


The LF152 series is designed to optimize key parameters 
in instrumentation amplifiers. The device has very high 


The common-mode slew rate of the inputs should be 
limited to 5V//xs to insure low input bias currents. 


LF152/LF352 





LF152/LF352 


Application Hints (Continued) 

USING THE SENSE, REFERENCE, AND OUTPUT 
PINS 

The sense input and the output of the device are pinned 
out separately to allow increased flexibility in system 
designs (see applications). The reference input allows 
biasing of the output voltage, from +10V to -10V. 
The ac input resistance of both the sense and reference 
inputs is unusually high because their input currents are 
forced to be constant with voltage (typically 20/iA). 

The maximum linear output swing is determined by 
the magnitude of resistor R§: 

>VOMAX l= 10 mA (Rs) 

If the output of the amplifier is to be abruptly changed 
more than 6V, a PNP transistor should be connected, 
as shown in Figure 3, to prevent the slew rate of the 
output from exceeding the slew rate of the sense stage. 
If this precaution, is not taken, the base-emitter junction 
of the input transistor in the sense stage will transiently 
break down and its (3 will degrade, resulting in a per- 
manent negative shift in output offset voltage. 



OFFSET VOLTAGE 

Because of the two stage design of the instrumentation 
amplifier, there are two independent contributors to 
offset voltage (Vqs)- The output offset (VqoS) > s 



independent of gain while the input offset (Vjos) ' s 
multiplied by the gain of the amplifier to the output. 

v OS = V|OS (G) + VoOS 

The output offset of the LF152 can be adjusted as 
shown in Figure 2. In addition, the LF152 features 
input offset adjust which is not common to monolithic 
instrumentation amplifiers and is normally available 
only on expensive modules. The simple adjust scheme 
shown in Figure 5 has only a slight increase in non-lin- 
earity compared to that of Figure 4 and is recommended 
for most applications. Nulling both input and output 
offset makes the overall offset zero, independent of gain. 

The output offset is affected by adjustment of the 
input offset. For every mV of input offset adjust, the 
output offset will change by approximately 32 mV. 
Adjustment of the output offset has no effect on the 
input offset, so it should always be done last. 

Offset adjustment changes the temperature coefficient 
of the Vos drift. The typical input offset drift of the 
unadjusted device is — 10juV/°C. If the input offset is 
adjusted, the V|0S drift increases by approximately 

V|OS drift « -10juV/°C + 2juV/°C/(mV of adjustment) 

The VoOS drift will be improved by output offset 
adjust because the magnitudes of the current sources 
adjusted become less sensitive to Vbe variations. If 
VoOS adjust is not used, pins 1, 2 and 16 must be 
shorted to the positive supply for circuit operation. 

OFFSET VOLTAGE ADJUSTMENT PROCEDURE 

For gains less than 100, only output offset adjustment is 
needed. For gains greater than 100, input offset adjust is 
usually necessary since the input offset voltage amplified 
to the output may be out of the range of the output 
offset adjust. Input offset adjust is also needed if zero 
overall offset is desired while varying the amplifier gain. 



FIGURE 4. Input Offset Adjust 


FIGURE 5. Simple Input Offset Adjust 






Application Hints (Continued) 

To adjust the input offset, the following procedure 
should be used: 

The effective input offset voltage appears directly 
across Rq when both inputs are connected to ground, 
and can be measured by a voltmeter referenced to 
ground. This offset error across Rq can be zeroed by 
the input offset adjustment circuit shown in Figure 4 
or 5. The remaining error at the output is strictly due 
to the output offset voltage which can then be nulled 
out with the circuit shown in Figure 2. The amplifier 
is now offset nulled independent of gain. 

COMPENSATION 

The variable bandwidth and slew rate of the LF152 are 
controlled by an RC network between the compensa- 
tion pins of the amplifier as shown in Figure 2. Rq and 
Cc may be varied for optimum operating characteristics 
in a particular application. 

Layout of accompanying circuitry may influence the 
value of this RC network. The lead lengths to resistors 


RS and Rq should be minimized and the capacitance 
from these nodes should also be minimized for optimum 
frequency response. If Rc = 16012 and Cc = 0.002juF in 
the printed circuit board of Figure 7, the amplifier will 
be compensated for all gains from 1 to 1000. Gains 
from 0.1 to 10,000 may be obtained with different 
compensation. 

GAIN ERROR AND NONLINEARITY 

Gain error of the LF152 is the error between the average 
slope of the transfer function compared to the slope of 
R S /Rg- ,n the LF152, the small gain error is essentially 
constant with gain and may be nulled out by trim- 
ming R$. 

Of the existing monolithic instrumentation amplifiers, 
the LF152 is among the lowest in. gain nonlinearity 
error. Gain nonlinearity is the curvature of the transfer 
function from the theoretically perfect function as shown 
in Figure 6. 


G (V| N ) - V 0UT 



FIGURE 6. Gain Error and Nonlinearity 


LF152 



OUTPUT 


-INPUT : 



.1 
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Typical Applications (Continued) 


Temperature Control Circuit 


.CONTROLLED ENVIRONMENT 


Under balanced conditions, Vg E NSE — V REF appears across Rg, V a — V b 
appears across Rq and Irq = Ipjg, 

v a~ v b V SENSE R G 

= or V a - V b = V SENSE 

r G r S r S 

VgENSE ' s fixed by the temperature control resistor and Rg/Rg is con- 
stant. The LF152 is used as a comparator with a feedback loop closed 
through the heater and the temperature dependent resistor. If V a — V b > 
VgENSE r G / r S- The output goes high turning "ON" the heater. If 
V a — V b < Vg E NSE r G^ r S- The output goes low turning "OFF" the 
- heater/ 


Alternate Input Offset (V|qs) Adjust Scheme 


im 


Definition of Terms 

G Closed loop gain. G = Rs/Rg 
Ge Gain error. A rotational error of the transfer 
function about the origin. 


G|\|i_ Gain nonlinearity. Curvature of the transfer 
function. 

VoS Offset voltage. Voltage offset of the transfer 
function at the origin Vqs = V|OS(G) + VqoS 
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National 

Semiconductor 


Instrumentation Amplifiers 


LM121/LM221/LM321, 

LM121A/LM221A/LM321A Precision Preamplifiers 


General Description 

The LM121 series are precision preamplifiers designed 
to operate with general purpose operational amplifiers to 
drastically decrease dc errors. Drift, bias current, common 
mode and supply rejection are more than a factor of 50 
better than standard op amps alone. Further, the added 
dc gain of the LM121 decreases the closed loop gain 
error. 

The LM121 series operates with supply voltages from 
±3V to ±20V and has sufficient supply rejection to 
operate from unregulated supplies. The operating 
current is programmable from 5juA to 200juA so bias 
current, offset current, gain and noise can be optimized 
for the particular application while still realizing very 
low drift. Super-gain transistors are used for the input 
stage so input error currents are lower than conventional 
amplifiers at the same operating current. Further, the 
initial offset voltage is easily nulled to zero. 

Features 

■ Guaranteed drift of LM121A series — 0.2/iV/°C 

■ Guaranteed drift of LM121 series — 1/iV/°C 


■ Offset voltage less than 0.4 mV 

■ Bias current less than 10 nA at 10/i A operating current 

■ CMRR 126 dB minimum 

■ 120 dB supply rejection 

■ Easily nulled offset voltage 

The extremely low drift of the LM121 will improve 
accuracy on almost any precision dc circuit. For example, 
instrumentation amplifier, strain gauge amplifiers and 
thermocouple amplifiers now using chopper amplifiers 
can be made with the LM121. The full differential in- 
put and high common-mode rejection are another 
advantage over choppers. For applications where low bias 
current is more important than drift, the operating cur- 
rent can be reduced to low values. High operating cur- 
rents can be used for low voltage noise with low source 
resistance. The programmable operating current of the 
LM121 allows tailoring the input characteristics to 
match those of specialized op amps. 

The LM121 is specified over a -55°C to +125°C tem- 
perature range, the LM221 over a -25°C to +85°C range 
and the LM321 over a 0°C to +70°C temperature range. 


Typical Applications 
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LM121/LM221/LM321, 

LM121A/LM221A/LM321A 




LM121/LM221/LM321, 

LM121A/LM221A/LM321A 


Absolute Maximum Ratings 




Supply Voltage 


±20V 



Power Dissipation (Note 1) 

500 mW 



Differential Input Voltage (Notes 2 and 3) 

±1 5V 



Input Voltage (Note 3) 


±1 5V 



Operating Temperature Range 




LM121 

-55°Cto+125°C 



LM221 

-25°C to +85°C 



LM321 


0°C to +70°C 



Storage Temperature Range ~65°C to +150°C 



Lead Temperature (Soldering, 10 seconds) 

300°C 



Electrical Characteristics (Note 4) LM121, LM221 . lm32i 



PARAMETER 

CONDITIONS 

LM121.LM221 

LM321 

UNITS 

MIN TYP MAX 

MIN TYP MAX 


Input Offset Voltage 

T A = 25°C, 





6.4k < R S ET< 70k 

0.7 

1.5 

mV 

Input Offset Current 

T A = 25° C, 





„R S ET = 70k 

1 

2 

nA 


RSET = 6.4k 

10 

20 

nA 

Input Bias Current 

Ta = 25°C, 





RSET = 70k 

10 

18 

nA 


RSET = 6.4k 

100 

180 

nA 

Input Resistance 

T A = 25° C, 





RSET = 70k 

4 

2 

MO 


RSET = 6.4k 

0.4 

0.2 

MO 

Supply Current 

Ta = 25°C, RSET = 70k 

1.5 

2.2 

mA 

Input Offset Voltage 

6.4k < RsET< 70k 

1.0 

2.5 

mV 

Input Bias Current 

R S ET = 70k 

30 

28 • 

nA 


RSET = 6.4k 

300 

280 

nA 

Input Offset Current 

R S ET = 70k 

3 

4 

nA 


R SET = 6.4k 

30 

40 

nA 

Input Offset Current Drift 

RSET = 70k 

3 

3 

pA/°C 

Average Temperature 

RS < 2000, 6.4k < RseT < 70k 




Coefficient of Input Offset 
Voltage 

Offset Voltage Nulled 

1 

1 

juV/°C 

Long Term Stability 


5 

5 

juV/yr 

Supply Current 


2.5 

3.5 - 

mA 

Input Voltage Range 

Vs = ±15V, (Note 5) 





R S ET = 70k 

±13 

±13 

V 


1 RSET = 6.4k 

+7,-13 

+7,-13 

V 

Common-Mode Rejection 

R S ET = 70k 

120 

114 

dB 

Ratio 

RSET = 6.4k 

114 

114 

dB 

Supply Voltage Rejection 

R S ET = 70k 

120 

114 

dB 

Ratio 

RSET = 6.4k 

114 

114 

dB 

Voltage Gain 

T A = 25° C, RSET = 70k, 





R L >3 MO 

16 

12 

V/V 

Noise 

RSET = 70k, RSOURCE = 0 

8 

8 

nVA/Hz 

Note 1: The maximum junction temperature of the LM121 is 150°C, while that of the LM221 is 100°C. The maximum junction temperature 
of the LM321 is 85°C. For operating at elevated temperature, devices in the TO-5 package must be derated based on a thermal resistance of 
150°C/W, junction to ambient, or 45°C/W, junction to case. For the flat package, the derating is based on a thermal resistance of 185° C/W when 
mounted on a 1/6 inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce copper conductors. The thermal resistance of the dual-in-line 

package is 100° C/W junction to ambient. 




Note 2: The inputs are shunted with back-to-back diodes in series with a 500ft resistor for overvoltage protection. Therefore, excessive current 

will flow if a differential input voltage in excess of IV is applied between the inputs. 



Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 


Note 4: These specifications apply for +5 < V§ < ±20V and -55°C < T/\ < +125°C, unless otherwise specified. With the LM221, however, all 
temperature specifications are limited to -25° C < T/\ < +85° C, and for the LM321 the specifications apply over a 0°C to +70° C temperature 

range. 





Note 5: External precision resistor — 0.1 % — can be placed from pins 1 and 8 to 7 to increase positive common-mode range. 
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Absolute Maximum Ratings 




Supply Voltage 


±20V 



Power Dissipation (Note 1) 

500 mW 



Differential Input Voltage (Notes 2 and 3) 

±1 5V 



Input Voltage (Note 3) 


±1 5V 



Operating Temperature Range 




LM121A 

-55 

°C to +1 25°C 



LM221A 

-25°C to +85°C 



LM321A 

0°C to +70°C 



Storage Temperature Range -65 

°C to +1 50°C 



Lead Temperature (Soldering, 10 seconds) 

300°C 



Electrical Characteristics (Note 4) lmi 2 ia, lm 22 ia, lm32ia 



PARAMETER 

CONDITIONS 


LM321A 

UNITS 



MIN TYP MAX 

MIN TYP MAX 


Input Offset Voltage 

Ta = 25° C, 





6.4k < R S ET< 70k 

0.2 0.4 

0.2 0.4 

mV 

Input Offset Current 

T A = 25° C, 





RSET = 70k 

0.3 . 0.5 

0.3 0.5 

nA 


RSET = 6.4k 

5 

5 

nA 

Input Bias Current 

T A = 25° C, 





RSET = 70k 

5 10 

5 15 

nA 


RSET = 6.4k 

50 100 

50 150 

nA 

Input Resistance 

T A = 25°C, 





R S ET = 70k 

4 8 

2 8 



RSET = 6.4k 

0.4 

0.2 


Supply Current 

Ta = 25°C, RsET = 70k 

0.8 1.5 

0.8 2.2 

mA 

Input Offset Voltage 

6.4k < RsET < 70k 

0.5 0.65 

0.5 0.65 

mV 

Input Bias Current 

RSET = 70k 

15 30 

15 25 

nA 


RSET = 6.4k 

150 300 

150 250 

nA' 

Input Offset Current 

RSET = 70k 

0.5 1 

0.5 1 

nA 


RSET = 6.4k 

5 10 

5 10 

nA 

Input Offset Current Drift 

RSET = 70k 

3 

3 

pA/° C 

Average Temperature 

RS < 200C2, 6.4k < R S ET < 70k 




Coefficient of Input Offset 

Offset Voltage Nulled 




Voltage 


0.07 0.2 

0.07 0.2 

uv/°c 

Long Term Stability 


3 

3 

fxV/yr 

Supply Current 


- 1 2.5 

1 3.5 

mA 

Input Voltage Range 

Vs = ±15V, (Note 5) 





R S ET = 70k 

±13 

±13 

V 


RSET = 6.4k 

+7, -13 

+7, -13 

V 

Common-Mode Rejection 

RSET = 70k 

126 140 

126 140 

dB 

Ratio 

R S ET = 6.4k 

120 130 

120 130 

dB 

Supply Voltage Rejection 

RSET = 70k 

120 126 

118 126 

dB 

Ratio 

RSET = 6.4k 

114 120 

114 120 

dB 

Voltage Gain 

Ta = 25°C, RsET = 70k, 





RL>3 Mf2 

16 20 

12 20 

V/V 

Noise 

RSET = 70k, RSOURCE = 0 

8 

8 

nVA/Hz 

Note 1: The maximum junction temperature of the LM121A is 1 50°C, while that of the LM221Ais 1 00° C. The maximum junction temperature 

of the LM321A is 85° C. For operating at elevated temperature, devices in the TO-5 package must be derated based on a thermal resistance of 

150°C/W, junction to ambient, or 45°C/W junction to case. For the flat package, the derating is based on a thermal resistance of 185° C/W when 

mounted on a 1/6 inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce copper conductors. The thermal resistance of the dual-in-line 

package is 100° C/W junction to ambient. 




Note 2: The inputs are shunted with back-to-back diodes in series with a 500S7 resistor for overvoltage protection. Therefore, excessive current j 

will flow if a differential input voltage in excess of IV is applied between the inputs. 



Note 3: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 


Note 4 : These specifications apply for ±5 < V§ < ±20V and -55°C < Ta < +125°C, unless otherwise specified. With the LM221 A, however, all 

temperature specifications are limited to -25°C < Ta < +85°C, and for the LM321A the specifications apply over a 0°C to +70° C temperature 

range. 





Note 5: External precision resistor — 0.1% — can be placed from pins 1 and 8 to 7 to increase positive common-mode range. 
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I/LM221/LM321, 

IA/LM221A/LM321A 









I/LM221/LM321, 

IA/LM221A/LM321A 


25 ?3 

li 

_i —I 


Frequency Compensation 

UNIVERSAL COMPENSATION 

The additional gain of the LM121 preamplifier when 
used with an operational amplifier usually necessitates 
additional frequency compensation. When the closed 
loop gain of the op amp with the LM121 is less than 
the gain of the LM121 alone, more compensation is 
needed. The worst case situation is when there is 100% 
feedback-such as a voltage follower or integrator-and 
the gain of the LM121 is high. When high closed loop 
gains are used— for example A v = 1000-and only an 
addition gain of 200 is inserted by the LM121, the fre- 
quency compensation of the op amp will usually suffice. ^ 

The frequency compensation shown here is designed to 
operate with any unity-gain stable op amp. Figure 1 
shows the basic configuration of frequency stabilizing 
network. In operation the output of the LM121 is 
rendered single ended by a 0.01/iF bypass capacitor to 
ground. Overall frequency compensation then is achieved 
by an integrating capacitor, around the op amp. 

12 

Bandwidth at unity-gain = 

27rR SET C 


,4 

for 0.5 MHz bandwidth C = — 

10 6 R set 


For use with higher frequency op amps such as the 
LM1 18 the bandwidth may be increased to about 2 MHz. 

If the closed loop gain is greater than unity, "C" may be 
decreased to: 

4 

10 6 A cl Rset 


ALTERNATE COMPENSATION 

The two compensation capacitors can be made equal for 
improved power supply rejection. In this case the for- 
mula for the compensation capacitor is: 

8 

10 6 A cl Rset 

Table I shows typical values for the two compensating 
capacitors for various gains and operating currents. 


TABLE I 


CLOSED 

LOOP 

GAIN 

CURRENT SET RESISTOR | 

120 kf2 

60 kfi 

30 kfi 

12 kft 

6kO 

A v = 1 

68 

130 

270 

680 

1300 

A v = 5 

15 

27 

56 

130 

, 270 

A v = 10 

10 

15 

27 

68 

130 

A v = 50 

1 

3 

5 

15 

27 

A v = 100 

- 

1 

3 

5 

10 

A v = 500 

- 

- 

1 

1 

3 

A v = 1000 

- 

- 

- 

- 



This table applies for the LM108, LM101A, LM741, 
LM1 18. Capacitance is in pF. 


DESIGN EQUATIONS FOR THE LM121 SERIES 

1.2 X 10 6 \ 

Gain A v ~ 

Rset 

Null Pot Value should be 10% of R SET 
2 X 0.65V 

Operating Current « 

r set 


Positive Common- ^ v + 
Mode Limit 


0.65V X 50k 

0.6 

PsET 


Typical Applications 





FIGURE 1. Low Drift Op Amp Using the LM121 A as a Preamp 


R6 

3M 

0.1% 



Gain of 1000 Instrumentation Amplifier^ 
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LM121/LM221/LM321, 

LM121A/LM221A/LM321A 
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SET RESISTOR/SIDE (n) NOISE CURRENT (pA/^H i ) POSITIVE SUPPLY REJECTION (dB) INPUT BIAS CURRENT (nA) 




- 



— 

i m r 

REFERRED TO - 

SUPPLY VOLTAGES 

F 

SET 

* 6.4 

Tn 







1 







s. 


! 


_ 






* F 

*SET 

= 70 

i 

kn 





r 


LM121/LM221/LM321, 

LM121A/LM221A/LM321A 




/LM221/LM321. 

A/LM221A/LM321A 


Typical Performance Characteristics (Continued) 



Output Common-Mode Voltage 



2 5 10 20 50 100 200 


SET CURRENT/SIDE (*iA) 




-55 -15 25 65 105 

TEMPERATURE (°C) 


Offset Voltage Adjustment 





Differential Voltage Gain 


V S ' = ±15V 
f = 300 Hz 



55 -15 25 65 105 

TEMPERATURE (°C) 


Common-Mode Rejection Ratio 


V s = ±15V 
T a " 25°C 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


4-18 




National 

Semiconductor 


Instrumentation Amplifiers 


LH0036/LH0036C Instrumentation Amplifier 


general description 

The LH0036/LH0036C is a true micro power 
instrumentation amplifier designed for precision 
differential signal processing. Extremely high accu- 
racy can be obtained due to the 300 input 
impedance and excellent 100 dB common mode 
rejection ratio. It is packaged in a hermetic TO-8 
package. Gain is programmable with one external 
resistor from 1 to 1000. Power supply operating 
range is between ±1 V and ±18V. Input bias current 
and output bandwidth are both externally ad- 
justable or can be set by internally set values. 
The LH0036 is specified for operation over the 
-55°C to +125°C temperature range and the 


LH0036C is specified for operation over the 
-25°C to +85°C temperature range. 

features 


■ High input impedance 

■ High CMRR 

■ Single resistor gain adjust 

■ Low power 

■ Wide supply range 

■ Adjustable input bias current 

■ Adjustable output bandwidth 

■ Guard drive output 


300 MC2 
100 dB 
1 to 1000 
90 mW 
±1V to ±18V 


equivalent circuit and connection diagrams 


INPUT GUARD 



OUTPUT 


CMRR 

PRESET 

CMRR 

TRIM 


GUARD DRIVE 



TOP VIEW 

Order Number LH0036G or LH0036CG 
See NS Package H12B 



O' 
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LH0036/LH0036C 


absolute maximum ratings 




Supply Voltage 

±18V 

Short Circuit Duration 

Continuous 

Differential Input Voltage 

±30V 

Operating Temperature Range 


Input Voltage Range 

±v s 

LH0036 

-55°C to +125°C 

Shield Drive Voltage 

±v s 

LH0036C 

-25°C to +85°C 

CMRR Preset Voltage 

±v s 

Storage Temperature Range 

-65° C to +150°C 

CMRR Trim Voltage 


Lead Temperature, Soldering 10 seconds 

300°C 

Power Dissipation (Note 3) 

1.5W 



electrical characteristics (Notes land 2) 



PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH0036 

LH0036C 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R s = 1.0kl2, T a = 25° C 


0.5 

1.0 . 


1.0 

2.0 

mV 

<V,os> 

R s » 1.0kl2 



2.0 



3.0 

mV 

Output Offset Voltage 

R s = 1.0kS2, T a = 25° C 


2.0 

5.0 


5.0 

10 

mV 

(Voos) 

R s = 1.0kS2 



6.0 



12 

mV 

Input Offset Voltage 

R s <1.0kS2 


10 



10 


pV/°C 

Tempco (AV IO s/AT) 









Output Offset Voltage 



15 



15 


pV/°C 

Tempco (AV oos /AT) 









Overall Offset Referred 

A v - 1.0 


2.5 



6.0 


mV 

to Input (V os ) 

A v = 10 


0.7 



1.5 


mV 


A v = 100 


0.52 



1.05 


mV 


A v = 1000 


0.502 



1.005 


mV 

Input Bias Current 

Ta = 25° C . 


40 

100 


50 

125 

nA 

d B > 




150 



200 

nA 

Input Offset Current 

Ta = 25° C 


10 

’40 


20 

50 

nA 

dos) 




80 



100 

nA 

Small Signal Bandwidth 

A v = 1.0, R l = 1 0k£2 


350 



350 


kHz 


> 

< 

O 

z 0 

o 


35 



35 


kHz 


A v = 100, R l - 1 0k£2 


3.5 



3.5 


kHz 


A v = 1000, R l = 1 0kS2 


350 



350 


Hz 

Full Power Bandwidth 

V IN = ±.10V, R l = 10k, 


5.0 



5.0 


. kHz 


A v = 1 








Input Voltage Range 

Differential 

±10 

±12 


±10 

±12 


V 


Common Mode 

±10 

±12 


±10 

±12 


V 

Gain Nonlinearity 



0.03 



0.03 


% 

Deviation From Gain 

A v = 1 to 1000 


±0.3 

±1.0 


±1.0 

±3.0 

Of, ' 

Equation Formula 









PSRR 

±5.0V < V s < ± 1 5V , 


1.0 

2.5 


1.0 

5.0 

mV/V 


o 

> 

< 









±5.0V<V S <±15V, 


0.05 

0.25 


0.10 

0.50 

mV/V 


A v - 100 


1 

■ 1 






CMRR 

A v = 1.0 DC to 


1.0 

2.5 


2.5 

5.0 

mV/V 


A v = 10 100 Hz 


0.1 

0.25 


0.25 

0.50 

mV/V 


A v = 100 AR S = 1.0k 


50 

100 


50 

100 

pV/V 

Output Voltage 

V s = ±15V R l = 10kS2, 

±10 

±13.5 


±10 

±13.5 


V 


V s = ±1.5V, R u = 100kS2 

±0.6 

±0.8 


±0.6 

00 

o 


V 

Output Resistance 



0.5 



0.5 


12 

Supply Current 



300 

400 


400 

600 

PA 

Equivalent Input Noise 

0.1 Hz<f< 10kHz, 


20 



20 


pV/p-p 

Voltage 

R s <50n 








Slew Rate 

AV IN = ±10V, 


0.3 



0.3 


V/ps 


R l = 10kS2, A v = 1.0 








Settling Time 

To ±10 mV, R l = 10kS2. 









AV 0ut = 1.0V 









A v = 1.0 


3.8 



3.8 


PS 

- . ... i 

> 

< 

ti 

8 


180 



180 


P s 


Not* 1: Unless otherwise specified, all specifications apply for V§ = ±15V. Pins 1, 3, and 9 grounded, -25°C to +85‘ C for the 
LH0036C and -55°C to +125°C for the LH0036. 

Note 2: All typical values are for - 25°C. 

Note 3: The maximum junction temperature is 150°C. For operation at elevated temperature derate the G package on a 
thermal resistance of 90°C/W, above 25° C. 
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LH0036/LH0036C 


typical applications 



Pre MUX Signal Conditioning 




Thermocouple Amplifier with Cold Junction Compensation 
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applications information 

THEORY OF OPERATION 


i 1 



The LH0036 is a 2 stage amplifier with a high 
input impedance gain stage comprised of A’i and 
A 2 and a differential to single-ended unity gain 
stage, A 3 . Operational amplifier, A lf receives 
differential input signal, e 1# and amplifies it by a 
factor equal to (R1 + R G )/R G . 

A-, also receives input e 2 via A 2 and R2. e 2 is seen 
as an inverting signal with a gain of R1/R G . A-, 
also receives the common mode signal e CM and 
processes it with a gain of +1. 

Hence: 

R1 + R G R1 

Vi - ei - — e 2 + e CM (1) 

Rg R G , 

By similar analysis V 2 is seen to be: 

R2+R g R2 

V 2 ^ e 2 ~ T“ e 1 + e CM (2) 

R g Rg 

For R1 = R2: 

v ’- v ’ 01 

Also, for R3 = R5 = R4 = R6, the gain of A 3 = 1, 
and: 


e 0 = (1)(V 2 — V, ) = (e 2 — e, ) | 1 + | (4) 

As can be seen for identically matched resistors, 
e CM is cancelled out, and the differential gain is 
dictated by equation (4). 

For the LH0036, equation (4) reduces to: 


a vcl = 


e 0 50k 

— = 1 + 

e 2 ~ R G 


(5a) 


The closed loop gain may be set to any value from 
1 (R G = °°) to 1000 (R g s 50r2). Equation (5a) 
re-arranged in more convenient form may be used 
to select R g for a desired gain: 

50k 

Rq = (5b) 

A VCL — 1 


USE OF BANDWIDTH CONTROL (pin 1) 

In the standard configuration, pin 1 of the LH0036 
is simply grounded. The amplifier's slew rate in 
this configuration is typically 0.3V/ps and small 


signal bandwidth 350 kHz for A V cl = 1- In some 
applications, particularly at low frequency, it may 
be desirable to limit bandwidth in order to mini- 
mize the overall noise bandwidth of the device. A 
resistor R BW may be placed between pin 1 and 
ground to accomplish this purpose. Figure 2 shows 
typical small signal bandwidth versus R B w- 



R bvv - RESISTANCE FROM PIN 1 TO GROUND (12) 

FIGURE 2. Bandwidth vs Rbw 
It also should be noted that large signal bandwidth 
and slew rate may be adjusted down by use of 
Rbw- Figure 3 is plot of slew rate versus Rbw- 



R B w - RESISTANCE FROM PIN 1 TO GROUND (12) 
FIGURE 3. Output Slew Rate vs RfiW 
CMRR CONSIDERATIONS 
Use of Pin 9, CMRR Preset 
Pin 9 should be grounded for nominal operation. 
An internal factory trimmed resistor, R6, will 
yield aCMRR in excess of 80 dB (for A V cl = 100). 
Should a higher CMRR be desired, pin 9 should 
be left open and the procedure, in this section 
followed. 


DC Off set Voltage and Common Mode 
Rejection Adjustments 

Off-set may be nulled using the circuit shown in 
Figure 4. 



FIGURE 4. Vos Adjustment Circuit 
Pin 8 is also used to improve the common mode 
rejection ratio as shown in Figure 5. Null is 
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applications information (con't) 


achieved by alternately applying ±10V (for V & 
V = 15V) to the inputs and adjusting R1 for 
minimum change at the output. 



FIGURE 5. CMRR Adjustment Circuit 

The circuits of Figure 4 and 5 may be combined 
as shown in Figure 6 to accomplish both V Q s 
and CMRR null. However, the V Q s and CMRR 
adjustment are interactive and several iterations 
are required. The procedure for null should start 
with the inputs grounded. 




FIGURE 8. Improved AC CMRR Circuit 

After adjusting R1 for best dc CMRR as before, 
R2 should be adjusted for minimum peak-to-peak 
voltage at the output while applying an ac 
common mode signal of the maximum amplitude 
and frequency of interest. 

INPUT BIAS CURRENT CONTROL 

Under nominal operating conditions (pin 3 ground- 
ed), the LH0036 requires input currents of 40 nA. 
The input current may be reduced by inserting a 
resistor (R B ) between 3 and ground or, alter- 
natively, between 3 and V . For R B returned to 
ground, the input bias current may be predicted 
by: 


4 x 10 8 + 800 R b 


FIGURE 6. Combined CMRR, Vqs Adjustment Circuit 

R2 is adjusted for Vqs null. An input of +10V 
is then applied and R1 is adjusted for CMRR null. 
The procedure is then repeated until the optimum 
is achieved. 

A circuit which overcomes adjustment interaction 
is shown in Figure 7. In this case, R2 is adjusted 
first for output null of the LH0036. R 1 is then 
adjusted for output null with +10V input. It is 
always a good idea to check CMRR null with a 
-10V input. The optimum null achievable will 
yield the highest CMRR over the amplifiers com-, 
mon mode range. 



' NOTE NOMINAL VALUE fll TO ACHIEVE OPTIMUM CMRR IS 3 0 k:: 

FIGURE 7. Improved Vqs# CMRR Nulling Circuit 

AC CMRR Considerations 

The ac CMRR may be improved using the circuit 

of Figure 8. 


V — 0 5 — (4 x 10 s ) (l B 


•bias = Input Bias Current (nA) 

R B = External Resistor connected between 
pin 3 and ground (Ohms) 

V + = Positive Supply Voltage (Volts) 

Figure 9 is a plot of input bias current Versus R B . 


10k 100k 1.0M 10M 100M 

R, f - RESISTANCE FROM FIN 3 TO GR0UN0 <”) 

FIGURE 9. Input Bias Current as a Function of Rq 

As indicated above, R B may be returned to the 
negative supply voltage. Input bias current may 
then be predicted by: 

. (V + -VI -0.5 

'® ,AS = 4 x 10 8 + 800 R b , 
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(V + — V~) — 0.5 — (4 x 1 0 s > ( I B | AS ) 

R b = (8) 

800 I bias 

Where: 

•bias = Input Bias Current (nA) 

R b = External resistor connected between 
pin 3 and V“ (Ohms) 

V + = Positive Supply Voltage (Volts) 

V” = Negative Supply Voltage (Volts) 



FIGURE 10. Input Bias Current as a Function of Rq 

Figure 10 is a plot of input bias current versus 
R b returned to V it should be noted that band- 
width is affected by changes in R B . Figure 11 is a 
plot of bandwidth versus R B . 



R„ - RESISTANCE FROM PIN 3 TO GROUND <“) 


FIGURE 11. Unity Gain Bandwidth as a Function of Rq 


BIAS CURRENT RETURN 
PATH CONSIDERATIONS 

The LH0036 exhibits input bias currents typically 
in the 40 nA region in each input. This current 
must flow through R, so as shown in Figure 12. 



In a typical application, V s = ±15V, I B1 as l B2 = 
40 nA, the total current, l x , would flow through 
Ri SO causing a voltage rise at point A. For values 
of R| SO > 1 50 MH, the voltage at point A exceeds 
the +12V common range of the device. Clearly, 
for R| SO = °°, the LH0036 would be driven to 
positive saturation. 


The implication is that a finite impedance must 
be supplied between the input and power supply 
ground. The value of the resistor is dictated by 
the maximum input bias current, and the common 
mode voltage. Under worst case conditions: 


„ ^ V CMR “ V CM 

R iso S : 

•T 


(9) 


Where: 


Vcmr = Common Mode Range (10V for 
the LH0036) 

V CM = Common Mode Voltage 

•t = *bi + 1b2 

In applications in which the signal source is float- 
ing, such as a thermocouple, one end of the source 
may be grounded directly or through a resistor. 


GUARD OUTPUT 


Pin 2 of the LH0036 is provided as a guard drive 
pin in those stringent applications which require 
very low leakage and minimum input capacitance. 
Pin 2 will always be biased at the input common 
mode voltage. The source impedance looking into 
pin 2 is approximately 15 k£2. Proper use of the 
guard/shield pin is shown in Figure 13. 


♦ 15V 



For applications requ iring a lower source impedance 
than 15 k£2, a unity gain buffer, such as the 
LH0002 may be inserted between pin 2 and the 
input shields as shown in Figure 14. 



FIGURE 14. Guard Pin With Buffer 
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definition of terms 


Bandwidth: The frequency at which the voltage 
gain is reduced to 0.707 of the low frequency 
(dc) value. 

Closed Loop Gain, Avcl : The ratio of the output 
voltage swing to the input voltage swing deter- 
mined by A V cl = 1 + (50k/R G ). Where: R G = 
Gain Set Resistor. 

Common Mode Rejection Ratio: The ratio of 
input voltage range to the peak-to-peak change in 
offset voltage over this range. 

Gain Equation Accuracy: The deviation of the 
actual closed loop gain from the predicted closed 
loop gain, A V cl = 1 + (50k/R G ) for the specified 
closed loop gain. 

Input Bias Current: The current flowing at pin 5 
and 6 under the specified operating conditions. 

Input Offset Current: The difference between the 
input bias current at pins 5 and 6; i.e. l Q s = 

Input Stage Offset Voltage, Viqs^ The voltage 
which must be applied to the input pins to force 
the output to zero volts for A V cl = 100. 

Output Stage Offset Voltage, Vqos : The voltage 
which must be applied to the input of the output 
stage to produce zero output voltage. It can be 
measured by measuring the overall offset at unity 
gain and subtracting V (OS . 


Voos ~ 



Avcl - 1 



Overall Offset Voltage: 

w w V oos 

Vos _v ios +- " 

Avcl 

Power Supply Rejection Ratio: The ratio of the 
change in offset voltage, V os , to the change in 
supply voltage producing it. 

Resistor, Rb: An optional resistor placed between 
pin 3 of the LH0036 and ground {or V - ) to 
reduce the input bias current. 

Resistor, Rbw : An optional resistor placed be- 
tween pin 1 of the LH0036 and ground (or V ) 
to reduce the bandwidth of the output stage. 

Resistor, R G : A gain setting resistor connected 
between pins 4 and 7 of the LH0036 in order to 
program the gain from 1 to 1000. 

Settling Time: The time between the initiation 
of an input step function and the time when the 
output voltage has settled to within a specified 
error band of the final output voltage. 
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Semiconductor 

LH0038/LH0038C True Instrumentation Amplifier 

General Description 

The LH0038/LH0038C is a precision true instrumenta- 
tion amplifier (TIA) capable of amplifying very low level 
signals, such as thermocouple and low impedance strain 
guage outputs. Precision thin film gain setting resistors 
are included in the package to allow the user to set the 
closed-loop gain from 100 to 2000. Since the resistors 
are of a homogeneous single chip construction, they 
track almost perfectly so that temperature variations of 
closed loop gain are virtually eliminated. 

LH0038 exhibits excellent CMRR, PSRR, gain linearity, 
as well as extremely low input offset voltage, offset 
voltage drift and input noise voltage. 


Simplified Schematic Diagram 


The devices are provided in a hermetically sealed 16-lead 
DIP. The LH0038 is guaranteed from ~55°C to + 125°C; 
whereas the LH0038C is guaranteed from ~25°C to 
+85°C. 

Features 

■ Ultralow offset voltage 25 /iV typ., 100 juV max 

■ Ultralow offset drift 0.25 ^V/C max 

■ Ultralow input noise : 0.2/jVp-p 

■ Pin strap gain options 100, 200, 400, 500, Ik, 2k 

■ Excellent PSRR and CMRR 120 dB 




Connection Diagram 


Dual-ln-Line Package 
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Absolute Maximum Ratings 

Supply Voltage ±18V 

Differential Input Voltage (Note 1) ±1 V 

Input Voltage ±Vs 

Power Dissipation (See Curve) 500 mW 

Short Circuit Duration Continuous 

Operating Temperature Range 

LH0038 -55°C to +125°C 

LH0038C -25° C to +85° C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 20 seconds) 300°C 


DC Electrical Characteristics (Note 2) 


PARAMETER 

V|OS 

Input Offset Voltage 

AV|OS/AT 

Input Offset Voltage 
Tempco 

voos 

Output Offset Voltage 

AVOOS/AT Output Offset Voltage 
Tempco 

»B 

Input Bias Current 

•os 

Input Offset Current 

ai b /at 

Input Bias Current 
Tempco 

avcl 

Closed Loop Gain 


R$ = 50ft 


CONDITIONS 


|Ta = 25°C 

' |T A =25°C 


T a = 25°C 


Ta = 25° c 


V C M = 0V 


None 

6-10 

~6~9, 10-5 

6- 10,5-9 

7- 10 

8 - 10 

Closed Loop Gain A VCL = 100. 200 

Error A VCL = 400, 500 

AycL = 1000 

AycL “ 2000 

Gain Temperature A\/CL = ^ 

Coefficient 

Gain Nonlinearity 100 < A\/cl < 2k 

V|NCM Common-IVLode Input 
Voltage Range 

Vo Output Voltage Rl> 10 kft 

Vs Supply Voltage Range 

Guard Voltage Error -1 0V < Vcm < +10V 


LH0038C 


MAX MIN TYP 


100 30 


220 


0.2 1.0 


50 100 


200 


0.3 


1.0 2.0 


±10 | ± 1 2 

±5 


±18 ±5 


±10 ±100 


, ±18 


±10 ±100 
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DC Electrical Characteristics (Note 2) (Continued) 


PARAMETER 

CONDITIONS 

LH0038 

LH0038C 

UNITS 


TYP 

MAX 

MIN 

HjQ 


CMRR Common-Mode 

Rejection Ratio 

V||\j •= ±10V 

A\/CL = 100 

El 

110 


86 

MM 


\ dB 


B9 

120 





PSRR Power Supply 

Rejection Ratio 

±5V < AV$ < ±15V 

a vcl = 100 

94 

110 


94 

no 


avcl = 1000 

110 



100 

ly^H 


•OSC Output Short 

Circuit Current 

Ta = 25° C 

±2 

1 


±2 

9 

±10 

mA 

1$ Supply Current 

T A = 25‘C 



. 2.0 



3.0 

R|f\j DIFF Input Resistance 

AvCL= 1000, T A = 25 0 C 


5 



5 


M£2 

R|f\] CM Common-Mode Input 

Resistance 


■ 

■ 

■ 

■ 

■ 

Gft 

ROUT Output Resistance 


1 



1 


m£2 


AC Electrical Characteristics v s = ±i 5 v,t a = 25°c 


PARAMETER 

COMMENT 

CONDITIONS 

TYP 

UNITS 

e n Equivalent Input Noise Voltage 

Figure 1 

R$ - 0, f = 0.1 to 10 Hz 


/iVp-p 

e n Equivalent Input Spot Noise 
Voltage 

Figure 1 

RS= 100 il 

f = 10 Hz 

6.5 

nVA/Hz 

f = 100 Hz 

6.0 

f = 1 kHz 

6.0 

f = 10kHz 

6.0 

BW Large Signal Bandwidth 


VOUT = ± 10V 


1.6 

kHz 

S r Slew Rate 


VOUT = ±10V 


0.3 

, V/jus 

t s Settling Time to 0.01% 

Figure 13 



120 


-10V Step 

80 

+10V Step 

60 

t r Rise Time 


AVouT = 100 

Avcl = 100 

6 

gs 

Avcl = 1000 

13 

i n Equivalent Input Spot 

Noise Current 


R$ = 100 Mil 

f = 10 Hz 

0.1 

pA/\/Hz 


Note 1: The inputs are protected by diodes for overvoltage protection. Excessive currents will flow for differential voltages in excess of ±1V. 
Input current should be limited to less than 10 mA. 

Note 2: Unless otherwise noted these specifications apply for V§ = ±15. 0V, pin 15 connected to pin 1, pin 16 connected to ground, over the 
temperature range -55°C to +125"C for the LH0038 and 25”C to +85" C for LH0038C. 
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LH0038/LH0038C 


Typical Performance Characteristics 


Power Dissipation 



TEMPERATURE ( C) 



-15 -10 -50 5 10 15 

COMMON MODE INPUT VOLTAGE (V) 



0 5 10 15 20 


SUPPLY VOLTAGE (±V DC ) 


Closed Loop Frequency 
Response 



100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Common-Mode Rejection 


essiiii i 

mi mi 

ii !!! S!!i! I 

liiiii 

IBBCSi i 
yffiflini 1 

iWiiii 

iiiii £;!!"' 

ii ii' min i 
iiiiiiiiiiii 

IIIIIIIIIIIU 

HmTTTTTTWVlTTTT^lH 

!(!■! 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Power Supply Rejection 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Input Noise Voltage 
(Includes Source Impedance) 


Z 6 


i i ttu iii 

V S = ±15V 
Rg = 100 
T A = 25°C 


FREQUENCY (Hz) 


Output Swing 



0 2 4 6 8 

OUTPUT CURRENT (imA) 


Supply Current 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Wide Band Noise 


V S = ±15V, R s = Ikn, A V = 10k, DUT = Ik 
Vertical sensitivity: 0.1 /xV/CM 
Horizontal sensitivity: 5 sec/CM 
Bandwidth: 0.1 Hz to 10 Hz 


Pulse Response 



V S = ±15V 
R l > lOkft 
AvCL = i k 



Rise Time 



V s = ±15V 
R l > lOkfi 

Avcl = 1k 
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Noise Test Circuit 

X Ik 


X 10 


TEKTRONIX 7623 


Typical Application 



FIGURE 1. 



Applications Information 

THEORY OF OPERATION 

The LH0038 is a 3-stage, true instrumentation amplifier 
composed of a well matched transistor differential pair, 
Q1 and Q2, a common-mode loop amplifier, A2 and A3, 
and a differential to single ended amplifier, A4. A simpli- 
fied schematic is shown in Figure 3. 

Current source, I a, establishes a voltage across R14 of 
approximately 2V, which results in a 2V drop across R8 
and R12. This constant voltage forces the v first stage 


current to be 20 juA per side. The action of A2 and A3 
is such that 20 /uA is maintained constant despite the 
presence of common-mode signals. The differential out- 
puts of A2 and A3 are applied to differential amplifier, 
A4, which converts the signal to a single-ended output 
and provides a gain of 5. The total gain of the amplifier 
is, therefore, the fixed gain of 5 multiplied by the gain 
of the composite input stage. 
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Applications Information (Continued) 


V + 



The closed loop gain of the composite amplifier may be 
better understood by referring to Figure 3. The Q1— A2 
loop may be viewed as differential amplifier with the 
inverting input at the base and non-inverting input at 
the emitter. Combining small signal AC and large signal 
DC analysis = 


vl = el 


R1 7 + R E 

~rT 



(D 


+ ECM- VbEI - «iR17 


By similar analysis: ‘ 


For 1 1 = I 2 , R17 = R16, VbeI = VbE 2> subtracting 
equation (1) from (2) results in: 


v2-v1 = (e2-e1) 


R16+ R E 

~reT 



v2-v1 2 R16 

L_ = + 1 

e2-e1 R E 


(3) 


( 4 ) 



( 2 ) 


+ ECM VbE2 " 12^16 
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Applications Information (Continued) 


The differential input voltage (v2 - vl) is amplified by 
the closed loop gain of A4: 


eoUT = (AVCL4) (e2 — el ) 
where: 

R20 


(5) 


AvCL4 = 


R8 

= 5.00 



( 6 ) 


As an example, with all gain pins open, Rg = 10.526 k£2, 
and: 


AvCL=5 


/ (2) (100k) ( \ 

\ 10.526k ) 


(7) 


= 100.0 


All other closed loop gain configurations place a precision 
resistor in parallel with Rg(R9+ R10). For example, for 
a gain of 200, pin 6 is connected to pin 10 and the gain 
is predicted by: 


A\/CL = 


(2) (100k) 


(10.526k) II (10.000k) 


+ 1 


( 8 ) 


• = (5.00) (40) = 200 

CLOSED LOOP GAIN CONSIDERATIONS 
USING INTERNAL RESISTORS 

Table I summarizes the primary gain configurations 
available with the LH0038. Obviously, other gains are 
possible. Using the internally supplied resistors has the 
advantage that R16, R17, and Re all track thermally, 
minimizing the device's gain error as a function of 
temperature. 

Gain adjustment by paralleling or series padding inter- 
nally supplied resistors is generally discouraged since 
external resistors will generally not thermally track. It 
is recommended that the gain adjustment be done in a 
subsequent stage as shown in Figure 4. 


X 1000 


15V 



FIGURE 4. Recommended Gain Adjust Circuit 


TABLE I. LH0038 INTERNAL GAIN CONFIGURATIONS 


OVERALL 

GAIN 

FIRST STAGE 

GAIN 

PIN CONNECTIONS 

EFFECTIVE 

Re 

100 

20 

All Gain Pins Open 

10.5260 k il 

200 

40 

Pin 6 to Pin 10 

5.1281 k il 

400 

80 

Pin 6 to Pin 9, Pin 10 to Pin 5 

2.5316 k il 

500 

100 

Pin 6 to Pin 10, Pin 9 to Pin 5 

2.0202 k il 

1000 

200 

Pin 7 ter Pin 10 

1.0050 k il 

2000 

400 

Pin 8 to Pin 10 

0.5013 k il 
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Applications Information (Continued) 

GUARD DRIVE 

The LH0038 is provided with a guard drive output, The guard drive output is also connected to the case to 

which will always be at the input common-mode voltage. provide electrostatic shielding to the system. 

The guard drive amplifier is short-circuit proof and is 

capable of driving several thousand pF without danger REMOTE OUTPUT SENSE 
of latch-up or oscillation. 

The feedback network of the LH0038 may be closed 
The guard drive tied to a shielded input cable will greatly directly at the load in order to eliminate errors due to 

reduce noise pick-up, and also improve AC CMRR by lead resistance. Also, a unity gain buffer; e.g. LH0002, 

maintaining the shield at the common-mode voltage. may be included within the feedback loop to increase 

Figure 5 illustrates the proper use of the guard drive. output current capability as shown in Figure 7. 



FIGURE 5. Guard Drive Application 


15V 




FIGURE 7. Output Buffer Connection 
£34 ” ~ ~ 



Applications Information (Continued) 


OFFSET NULL 

Offset of the LH0038 is trimmed by the factory to a 
very low value. The offset may be further trimmed using 
a 10 kfi, 10 turn, 100 ppm/°C potentiometer as shown 
in Figure 8. However, a drift increase of 0.3 /iV/°C will 
be caused for each 100 pV of offset adjusted. The 
recommended offset null is shown in Figure 4 and is 
accomplished in the following stage. 

BIAS CURRENT CONSIDERATIONS 

The LH0038 exhibits bias current of approximately 50 
nA per side, and requires a path to ground or supply. 
■The practical limitation to the maximum resistance 
between the inputs and ground is dictated by negative 
common-mode range as shown in Figure 9. For example, 
for V C M = -10V, R C M < 20 MH. 


15V 



-15V 


FIGURE 8. Offset Adjust Circuit 
(See also Figure 4) 


The LH0038 input stage bias was optimized for minimum 
voltage noise so the input bias currents are higher than 
might otherwise be expected. Note, however, that the 
input currents are very well matched, resulting in an 
offset current value much lower than one might infer 
from the bias current. In order to take advantage of this 
low offset current, the source impedances at both 
inputs should be matched to minimize DC drift. Further, 
bias current is relatively constant with temperature (as 
opposed to an FET stage), so one can consider bias 
current compensation schemes such as shown in Figure 
10. The danger with such techniques is that the offset 
current and noise contributed by the bias current com- 
pensator will dominate the system noise. 


15V 



I —" - Vsivin - a- • — 

VcM = Common-Mode Input Voltage 
•S’ 'B1 + *B2 = Bias Current = 100 nA 


FIGURE 9. Bias Current Return 


15V 



-15V 

FIGURE 10. Bias Current Compensation 
— 
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Applications Information (Continued) 

SETTLING TIME 

The LH0038 has been purposely over-compensated, and 
is therefore remarkably free from any undesirable tran- 
sient response. Small signal settling time is governed by 
gain-bandwidth product; large , signal settling time is 
dominated by slew rate. 

Figure 11 shows an input voltage step of +10V to -10V 
applied, through a 1000 to 1 voltage divider, to the 
device configured for an inverting gain of 1000. The 
output of the device will therefore be equal to the 
negative of the input after the device is completely 
settled. By resistively subtracting the input before the 
divider from the device output, a pseudo summing node 
is generated. The voltage at this pseudo summing junc- 
tion goes “off screen" on the photos, since in the first 
small time increment the input goes instantaneously to 
-10 mV and the output is still at +10V. About 130 /us 
after the input has gone negative, the output slews back 
in range and begins an exponential approach to the 
final value. Figure 12 is the same set-up for a -10V 
to +10V input pulse. Note that there is ho overshoot 
in either case. The test circuit is shown in Figure 13. 

HIGH FREQUENCY CMRR 

The LH0038 resistor ratios are carefully trimmed for 
optimum CMRR at DC through 60 Hz. Inevitably, this 
rejection will degrade at higher frequencies due to 2 
separate effects: stray capacitance mismatch and slew 
rate limiting in the input stage. In most discrete instru- 


mentation amplifier realizations, the stray capacitance 
mismatch dominates simply because the stray capac- 
itances are relatively large (this can be trimmed out in a 
discrete amplifier). In a hybrid circuit spch as the 
LH0038, stray capacitance is minimized, so the effects 
of mismatch are also ^minimized. 

The response to a pulse or noise spike applied as a 
common-mode signal may be dominated by the slew 
characteristics of the input stage. Whenever the common- 
mode input slew rate exceeds 0.2 V//us, the 2 input 
amplifiers will apply identical ramp signals to the final 
stage and cause its output to go to near 0 V. Note that 
the amplifier is not really active under these conditions 
as normal mode signal variations will not be coupled to 
the output. Some time may be required for the amplifier 
to settle after a transient of this kind before the output 
can be considered representative of the input. Slew rate 
limiting will not normally be the limiting factor for sine 
wave common-mode signals as 0.2 V//is corresponds to 
about 2 kHz (20 Vp-p). 

POWER SUPPLY DECOUPLING 

Although the LH0038 exhibits in excess of 120 dB 
PSRR at DC, the figure degrades to 100 dB at 120 Hz. 
It is recommended that both V + and V~. leads be by- 
passed with 1 /i F electrolytic in shunt with 0.01 pF 
ceramic disc no further than 1 inch from the device. 



t s . A V = 100, V, N = 20V 

FIGURE 11. Settling Time 


t s , A v = 100, V|N = 20V 

FIGURE 12. Settling Time 
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Definition of Terms 

Bandwidth: That frequency at which the voltage gain is 
reduced to 3 dB below the low frequency value. 

Common-Mode Rejection Ratio, CMRR: The ratio of 
the input common-mode voltage range to the peak-to- 
peak change in input offset voltage over this range. 

Input Offset Voltage, V|0S : The voltage which must be 
applied to the inputs to force the outputs of the input 
stage to OV. V|QS can be calculated by measuring Vos 
at closed loop gains of 100 and 2000 and using the 
following equation: 

(Vqs) 2k -(V qs) 100 


Where: 

(VOS)2k = overa N offset voltage for A\/CL = 2k. 
(Vos)100 = overall offset voltage for AyCL = 100. 

Gain Non-Linearity: The deviation of the gain from a 
straight line drawn through the end points expressed as 
a percent of full-scale (10V for operations on ±15V 
supply). Note that this is a more stringent specification 
than deviation from the best straight line and is double 
the number that would be specified if the percentage 
were based on a 20V (±10V) range. 

Guard Voltage Error: The voltage difference between 
the guard drive output and the average of the 2 input 
voltages. . 

Input Bias Current, Ig'. The average of the 2 input 
currents. 

Input Common-Mode Voltage Range, V||\jcm : The range 
of voltages on the input terminals for which the ampli- 
fier is operational. Note that the specifications are not 
guaranteed over the full common-mode voltage range 
unless specifically stated. 

Input Offset Current, los : The difference, in the currents 
into the 2 input terminals when the output is at zero. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Overall Offset Voltage, Vqs : The output voltage when 
both inputs are connected to 0V. Vqs «$ composed of 
input amplifier offset voltage effects, V|0S> and output 
amplifier effects, VooS- It is given by: 

Vos = < a VCL) (V|OS) " V 00S 
Where: 

AyCL = closed loop gain = 100 to 2k 
V|OS = input stage offset voltage 
Vq 0S = output stage offset voltage 


Output Offset Voltage, Vq 0S : The output voltage when 
the outputs of the input stage are forced to 0V. VooS 
may be calculated by measuring Vos at closed loop gains 
of 100 and 2000 and using the following equation: 

VQOS = <20) (Vqs) 100 ~ (Vqs) 2k 
19 

Where: 

(Vos) 100 = overall offset. voltage for AyCL = 100 
(Vos) 2k = overall offset voltage for A\/CL 

Output Voltage, Vo: The peak output voltage swing, 
referred to zero. 

Offset Voltage Temperature Drift, AV|os/AT: The 
average drift rate of offset voltage for a thermal variation 
from room temperature to the indicated temperature 
extreme. 

Power Supply Rejection Ratio, PSRR: The ratio of the 
change in input offset voltage to the change in power 
supply voltages producing it. 

Settling Times, t s : The time between the initiation of the 
input step function and the time when the output voltage 
has settled to within a specified error band of the final 
output voltage. 

Slew Rate, S r : The internally-limited rate of change in 
output voltage with a large-amplitude step function ap- 
plied to the input. 

Supply Current, ±l s : The current required from the 
power supply to operate the amplifier with no load and 
the output midway between the supplies. 

Supply Voltage Range: The range of voltages on the 
supply terminals for which the device is operational. 
Note that the specifications are not guaranteed over the 
full supply voltage range unless specifically stated. 

Transient Response, t r : The closed-loop step- function 
response of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from DC 
to the frequency where the amplifier open loop gain 
rolls off to 1. 

Closed Loop Gain, A'VCL : The ratio of output voltage to 
input voltage under the stated conditions of source 
resistance (R$) and load resistance (R|_). 

Voltage Gain Error: The deviation in percent between 
the ideal voltage gain and the value obtained when the 
device is configured for that gain. 
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National 

Semiconductor 


Instrumentation Amplifiers 

PRELIMINARY 


LH0084/LH0084C Digitally Programmable 
Gain Instrumentation Amplifier 


General Description 

The LH0084/LH0084C is a self-contained, high pseed, 
high accuracy, digitally programmable gain instrumen- 
tation amplifier. It consists of a FET input, variable gain 
voltage follower input stage followed by a differential 
output stage. The input stage is programmable to 
accurate gain steps of 1, 2, 5, or 10 controlled by the 
logic levels of a 2-bit TTL-compatible digital input word. 
For additional flexibility, the output stage is pin- 
strappable to fixed gains of 1, 4, or 10 for an overall gain 
range of 1 to 100. 

Applications include increased dynamic range A-to-D 
converters, test systems, and post multiplexer amplifier 
for data acquisition systems where its short settling time 
speeds channel sampling. 

The device exhibits high input impedance, low offset 
voltage, high CMRR and PSRR, high speed, and excel- 
lent gain accuracy and gain non-linearily. 


The LH0084 is guaranteed for operation from -55°C to 
+125°C, whereas the LH0084C is guaranteed from 
-25°C to +85° C. Both devices are provided in a hermeti- 
cally sealed 16-lead dual-in-line metal package. 

Features 

■ Excellent gain accuracy and 
gain non-linearity 

■ Extremely low gain drift 

■ High input impedance 

■ High CMRR and PSRR 

■ TTL-compatible digital inputs 

■ High speed, settling to 0.1% 


0.002% typ 
1 ppm/°C 
1012 typ 
76dB min 

5 jus max 



vos v- vos 

ADJ ADJ 
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Supply 

Voltage 

Typ 

(V) 

Input Bias 

Input Offset 

input Offset 


Voltage 

Gam 

Typ 



Device 

Temperature 

Range* 

DTL/TTL 

Current 

(25°C) 

Max 

Current 

(25°C) 

Max 

Voltage 

(25°C) 

Max 

Typ 

(ns) 

Package Type 

Comments 




(pA) 

(pA) 

(mV) 




LM106 

LM206 

Military 

10 

V + = 12 

20 

3 

2 

40 max 

40k 

40k 

TO-5 F.P. 


Industrial 

10 

V=- 3 

20 

3 

2 

40 max 

TO 5 F.P. 

and sensitivity, large fanout 

LM306 

Commercial 

10 

To -12 

25 

5 

5 

40 max 

40k 

TO-5 F.P. 


LF 111 

Military 

2 

36 

0.05 

0.000025 

4 

200 

200k 

TO-5 DIP F.P. 


LF211 

Industrial 

2 

36 

0.05 

0.000025 

4 

200 

200k 

TO-5 DIP F P. 

FET front-end inputs 

LF311 

Commercial 

2 

36 

0.15 

0.000075 

10 

200 

200k 

TO-5 DIP FP. 


LM111 

Military 

5 

±15 

0.1 

0.04 

0.7 

200 

200k' 

TO 5 DIP F.P. 


LH21 1 1 Dual (Note 1) 

Military 

5 

±15 

0 1 

0.04 

0.7 

200 

200k 

TO-5 DIP F.P. 


LM211 

Industrial 

5 

To 5 

0 1 

0.04 

0.7 

200 

200k 

To 5 DIP F.P. 

Single, with strobe, will work from single 

LH221 1 Dual (Notel) 

Industrial 

5 

To 5 

0.1 

0.04 

0.7 

200 

200k 

TO-5 DIP F.P. 

supply, low bias current 

LM311 

Commercial 

5 

And GND 

0.25 

0.06 

2 

200 

200k 

TO-5 DIP F.P. 


LH2311 Dual (Note!) 

Commercial 

5 

And GND 

0.25 

0.06 

2 

200 

200k 

TO-5 DIP F.P. 


LM119 

Military 

2 (Each Side) 

±15 

0.5 

0.075 

4 

80 

40k 

TO-5 DIP F.P. 


LM219 

Industrial 

2 (Each Side) 

To 5 

0.5 

0.075 

4 

80 

40k 

TO-5 DIP F.P. 

High speed dual comparator 

LM319 

Commercial 

2 (Each Side) 

And GND 

1 

0.2 

8 

80 

40k’ 

TO-5 DIP 


LM139 Quad 

Military 

1 

±1 

0.1 

. 0.025 

5 

1.3ps 

200k 

DIP F P. 

Quad comparator designed for single 

LM239 Quad 

Industrial 

1 

To ±18 

0.25 

0.050 

5 

1.3ns 

200k 

200k 

DIP 

DIP 

supply operation, input common mode 
range includes ground 

LM339 Quad 

Commercial 

1 

Or From 

0 25 

0.050 

5 

1.3jus 

LM139A Quad 

Military 

1 

2 

0.1 

0.025 

2 

1.3ps 

200k 

200k 

DIP F P. 


LM239A Quad 

Industrial 

1 

To 36 

0.25 

0.050 

2 

1.3ps 

DIP 

with DTL/TTL logic levels 

LM339A Quad 

Commercial 

1 

And GND 

0.25 

0.050 

2 

1.3ps 

200k 

DIP 


LM160 

Military 

2 

+4.5 

10 

2 

2 

16 

16 

3k 

3k 

TO-5 DIP F P. 

TO-5 DIP 

Very high speed, outputs compatible 

LM260 

Industrial 

2 

To 

10 

2 

2 

with DTL/TTL logic levels 

LM360 

Commercial 

2 

±6.5 

15 

4 • 

4 

16 

3k 

TO-5 DIP 


LM161 (LM529) 

Military 

2 

±5 

10 

2 

2 

12 

12 

3k 

TO-5 DIP F.P. 

TO-5 DIP . 

Very high speed, with individual strobes, \ 

LM261 

Industrial 

2 

To ±15 

10 

2 

2 

3k 

DTL/TTL compatible 

LM361 (LM529C) 

Commercial 

2 

And 5 

15 

4 • 

4 

12 

3k 

TO-5 DIP 


LM193 

Military 

1 

+ 1 

0.1 

0.025 

5 

1.3ps 

200k 

TO-5 

Dual comparator designed for single supply 

LM293 

Industrial 


To ±18 

0.25 

0 050 

5 

1.3ps 

200k ' 

TO-5 

operation; input common-mode range 

LM393 

Commercial 


Or From 

0.25 

0.050 

5 

1.3ps 

200k 

TO-5, DIP 

includes ground 

LM193A 

Military 

1 

2 

0.1 

0.025 

2 

1.3ps 

200k 

TO-5 


LM293A 

Industrial 

1 

To 36 

0.25 

0.050 

2 

1.3p$ 

200k 

TO-5 

Low offset voltage dual comparator with 

DTL/TTL logic levels 

LM393A 

Commercial 

1 

And Gnd 

0.25 

0.050 

2 

1.3ps 

200k 

TO-5, DIP 


LM710 

Military 

1 

V + = 12 

20 

3 • 

2 

40 

1750 

TO-5 

Single, differential in, single output 

LM710C 

Commercial 


V“--6 

25 

5 

5 

40 

1500 

TO-5 DIP 


LM711 Dual 

Military 

1 

V + - 12 

75 

10 

3.5 

40 

1500 

TO-5 

Dual differential, common output. 

LM71 1C Dual 

Commercial 

1 

V" =-6 

100 

15 

5 

40 

1500 

. TO-5 DIP 

individual strobes 

LM1514 Dual 

Military 

1 

V + = 14 

20 

3 

3 

30 

1250 

DIP 

Dual LM710 with separate strobes, 

LM1414 Dual 

Commercial 

1 

V = - 7 

25 

5 

4 

30 

1000 

DIP , 

individual outputs 

LM2901 Quad 

Industrial 

1 

+1 (2V) to 

0.25 

0.05 

7 

1.3 

200k 

DIP 

Quad comparator designed for single supply 




±18 (36) 







operation, input common-mode range includes 
ground 

LM2903 

Automotive 

1 

±1 (2V) to 
±18 (36) 

0.25 

0.050 

7 

1.3ps 

200k 

DIP 

Dual comparator designed for single supply 
operation; input common-mode range 
includes ground 

Note 1 : Dual version of device. 

t Response time is specified for 100 mV step input with 5 mV overdrive. 





•Military: -55°C to +125°C; Industrial: — 25°C to +85°C; Commercial: 0°C to +70°C; Automotive 

-40° C to +85° C 
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Definition of Terms 



National 

Semiconductor 


Voltage Comparators 


Definition of Terms 

input Bias Current: The average of the two input 
currents. 

Input Offset Current: The absolute value of the differ- 
ence between the two input currents for which the 
output will be driven higher than or lower than specified 
voltages. 

Input Offset Voltage: The absolute value of the voltage 
between the input terminals required to make the output 
voltage greater than or less than specified voltages. 

Input Voltage Range: The range of voltage on the 
input terminals (common-mode) over which the offset 
specifications apply. 

Logic Threshold Voltage: The voltage at the output 
of the comparator at which the loading logic circuitry 
changes its digital state. 

Negative Output Level: The negative dc output voltage 
with the comparator saturated by a differential input 
equal to or greater than a specified voltage. 

Output Leakage Current: The current into the output 
terminal with the output voltage within a given range 
and the input drive equal to or greater than a given value. 

Output Resistance: The resistance seen looking into the 
output terminal with the dc output level at the logic 
threshold volt?ge. 

Output Sink Current: The maximum negative current 
that can be delivered by the comparator. 

Positive Output Level: The high output voltage level 
with a given load and the input drive equal to or greater 
than a specified value. 

Power Consumption: The power required to operate 
the comparator with no output load. The power will 
vary with signal level, but is specified as a maximum 
for the entire range of input signal conditions. 


Response Time: The interval between the application of 
an input step function and the time when the output 
crosses the logic threshold voltage. The input step drives 
the comparator from some initial, saturated input 
voltage to an input level just barely in excess of that 
required to bring the output from saturation to the 
logic threshold voltage. This excess is referred to as the 
voltage overdrive. 

Saturation Voltage: The low-output voltage level with 
the input drive equal to or greater than a specified value. 

Strobe Current: The current out of the strobe terminal 
when it is at the zero logic level. 

Strobed Output Level: The dc output voltage, inde- 
pendent of input conditions, with the voltage on the 
strobe terminal equal to or less than the specified 
low state. 

Strobe "ON" Voltage: The maximum voltage on either 
strobe terminal required to force the output to the 
specified high state independent of the input voltage. 

Strobe "OFF" Voltage: The minimum voltage on the 
strobe terminal that will guarantee that it does not 
interfere with the operation of the comparator. 

Strobe Release Time: The time required for the output 
to rise to the logic threshold voltage after the strobe 
terminal has been driven from zero to the one logic 
level. 

Supply Current: The current required from the positive 
or negative supply to operate the comparator with no 
output load. The power will vary with input voltage, but 
is specified as a maximum for the entire range of input 
voltage conditions. 

Voltage Gain: The ratio of the change in output voltage 
to the change in voltage between the input terminals 
producing it. 
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National 

Semiconductor 


Voltage Comparators 


LF111/LF211/LF311 Voltage Comparators 

General Description 


The LF111, LF211 and LF311 are FET input voltage 
comparators that virtually eliminate input current errors. 
Designed to operate over a 5.0V to ±15V range the 
LF111 can be used in the most critical applications. 

The extremely low input currents of the LF111 allows 
the use of a simple comparator in applications usually 
requiring input current buffering. Leakage testing, long 
time delay circuits, charge measurements, and high 
source impedance voltage comparisons are easily done. 


Further, the LF111 can be used in place of the LM111 
eliminating errors due to input currents. See the “appli- 
cation hints" of the LM31 1 for application help. 

Advantages 

■ Eliminates input current errors 

■ Interchangeable with LM1 1 1 

■ No need for input current buffering 


Connection Diagram* 


Metal Can Package 



NOTE: Pin 4 connected to case 

TOP VIEW 

Order Number LF111H, LF211H 
or LF311H 
See NS Package H08C 


Schematic Diagram and Auxiliary Circuits 




. Offset Balancing 



Strobing 



’Increases typical common mode 
slew from 7 QV/fjs to 18V//JS 

Increasing Input 
Stage Current* 
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LF1 1 1/LF21 1/LF31 1 




LF1 1 1/LF21 1/LF31 1 


Absolute Maximum Ratings 

LF111/LF211 

LF311 

Total Supply Voltage (V 84 ) 

36V 

36V 

Output to Negative Supply Voltage (V 74 ) 

50V 

40V 

Ground to Negative Supply Voltage (V 14 ) 

30V 

30V 

Differential Input Voltage 

±30V 

±30V 

Input Voltage (Note 1) 

±15V 

±15V 

Power Dissipation (Note 2) 

500 mW 

500 mW 

Output Short Circuit Duration 

10 seconds 

10 seconds 

Operating Temperature Range 

LF111 

-55°C to +125°C 


LF211 

-25°C to +85° C 


LF311 


0°C to +70° C 

Storage Temperature Range 

-65° C to +150°C 

-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

300° C 

300° C 


Electrical Characteristics <lfiii/lf 2 ii) (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T a = 25° C, R s 


0.7 

4.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C, V cm =0 (Note 6) 


5.0 

25 

pA 

Input Bias Current 

T a = 25°C, V CM =0 (Note 6) 


20 

50 

pA 

Voltage Gain 

T a = 25°C 

40 

200 


V/mV 

Response Time (Note 5) 

T a = 25° C 


200 


ns 

Saturation Voltage 

V in < -5.0 mV, l OU T = 50 mA, T A = 25°C 


0.75 

1.5 

V 

Strobe On Current 

T a = 25° C 


3.0 


mA 

Output Leakage Current 

Vj N >5.0 mV, V 0UT = 35V, T A = 25°C 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 




6.0 

mV 

Input Offset Current (Note 4) 

V s = ±15V, V CM =0 (Note 6) 


2.0 

3.0 

nA 

Input Bias Current 

V s =±15V, V CM =0 (Note 6) 


5.0 

7.0 

nA 

Input Voltage Range 


-13.5 

±14 

13.0 

V 

Saturation Voltage 

V + > 4.5V, V" = 0 

V tN < — 6.0 mV, Isink < 5.0 mA 


0.23 

0.4 

V 

Output Leakage Current 

V IN > 5.0 mV, V OUT = 35V 


0.1 

0.5 

//A 

Positive Supply Current 

T a = 25° C 


5.1 

6.0 

mA 

Negative Supply Current 

T A =25°C 


4.1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit 
is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LF111 is +150° C, the LF211 is +1 10°C and the LF31 1 is +85°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of +150° C/W, junction to ambient, or +45°C/W, junction 
to case. 

Note 3: These specifications apply for Vg = ±15V, and the Ground pin at ground, and -55°C < T A < +125°C for the LF1 11, unless otherwise 
stated. With the LF211, however, all temperature specifications are limited to -25°C < T a < +85°C and for the LF3J1 0°C < T A < +70°C.The 
offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5.0V supply up to ± 15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 
1.0 mA load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5.0 mV overdrive. 

Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase— see typical performance curves. 
Note 7: Do not short the strobe pin to ground; it should be current driven at 3 to 5 mA. 










Electrical Characteristics <LF3in (Note 3) 


PARAMETER 

Input Offset Voltage (Note 4) 
Input Offset Current (Note 4) 
Input Bias Current 
Voltage Gain 
Response Time (Note 5) 
Saturation Voltage 
Strobe On Current 
Output Leakage Current 
Input Offset Voltage (Note 4) 
Input Offset Current (Note 4) 
Input Bias Current 
Input Vojtage Range 

Saturation Voltage 

Positive Supply Current 
Negative Supply Current 


CONDITIONS 

T a = 25°C, R s < 50k 

T a = 25°C, V CM = 0 (Note 6) 

T a = 25°C, V CM = 0 (Note 6) 

T a = 25°C 
T a = 25°C 

V !N <-10 mV, l OUT = 50 mA, T A = 25°C 
T a = 25° C 

V, N > 10 mV, V OU T = 35V, T A = 25°C 
R s < 50k 

V s =±15V, V CM = 0 (Note. 6) 

V s = ±15V, V CM =0 (Note 6) 


v > 4.5V, V =0 

V||\j < 10 mV, Isink < 8.0 mA 

T a - 25° C 


TYP 

MAX 

UNITS 

2.0 

10 

mV 

5.0 

75 

PA 

25 

150 

pA 

200 


V/mV 

200 


ns 

0.75 

1.5 

V 

3.0 


mA 

0.2 

10 

nA 


15 

mV 

1.0 


nA 

3.0 


nA. 

+ 14 


V 

-13.5 


V 

0.23 

0.4 

V 

5.1 

7.5 

mA 

4.1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit 
is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LF111 is +1 50° C, the LF211 is+110°Cand the LF311 is +85° C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of +150° C/W, junction to ambient, or +45°C/W, junction 
to case. 

Note 3: These specifications apply for Vg = ±15V and -55° C < T & < +125°C for the LF1 1 1, unless otherwise stated. With the LF21 1 , however, 
all temperature specifications are limited to-25°C < T/^ < +85° C and for the LF31 1 0°C <T/\< +70° C. The offset voltage, offset current and bias 
current specifications apply for any supply voltage from a single 5.0 mV supply up to ± 15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 
1.0 mA load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5.0 mV overdrive. 

Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase— see typical performance curves. 
Note 7: Do not short the strobe pin to ground; it should be current driven at 3 to 5 mA. 


Typical Applications 




100 kHz Free Running Multivibrator 


Crystal Oscillator 
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LF1 1 1/LF21 1/LF31 1 


Typical Performance 


Input Bias Current 
vs Common Mode 


Input Bias Current 
vs Temperature 
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^51 National Voltage Comparators 

jHI Semiconductor 

LH21 1 1/LH221 1/LH231 1 Dual Voltage Comparator 

general description 

The LH21 1 1 series of dual voltage comparators are 
two LM111 type comparators in a single hermetic 
package. Featuring all the same performance char- 
acteristics of the single, these duals offer in addi- 
tion closer thermal tracking, lower weight, reduced 
insertion cost and smaller size than two singles. 

For additional information see the LM111 data 
sheet and National's Linear Application Handbook. 


fied for operation over the 0°C to 70°C tempera- 
ture range. 


The LH2111 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH2211 is specified for operation over the -25°C 
to +85°C temperature range. The LH231 1 is speci- 


features 

■ Wide operating supply range 

■ Low input currents 
• High sensitivity 

■ Wide differential input range 

■ High output drive 


± 1 5 V to a 
single +5V 

k 6nA 
10/iV 
±30V 
50 mA, 50V 


connection diagram 


auxiliary circuits 



OUTPUT 

CND (IMITTtRJ 


OUTPUT 

10 GKO fEMITTf fil 




Order Number LH2111D or 
or LH2211D or LH2311D 
See Package D16C 


Offset Balancing 


Strobing 



Increasing Input Stage Current* Driving Ground-Referred Load Using Clamp Diodes to Improve Responses 



Comparator and Solenoid Driver Strobing off Both Input* TTL Interface with High Level Logic 

and Output Stages 
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LH21 1 1/LH221 1/LH231 1 


absolute maximum ratings 

Total Supply Voltage (V + - V") 36V Outp 

Output to Negative Supply Voltage (V OUT - V") 50V Oper 

Ground to Negative Supply Voltage (GND - V") 30V 

Differential Input Voltage ±30V 

Input Voltage (Note 1) ' ±15V Stora 

Power Dissipation (Note 2) 500 mW Lead 

electrical characteristics — each side (Note 3) 


36V 

Output Short Circuit Duration 

.10 sec 

50V 

Operating Temperature Range LH2111 

-55°C to 125°C 

30V 

LH2211 

-25°C to 85°C 

±30V 

LH2311 

0°C to 70°C 

±15V 

Storage Temperature Range 

-65°C to 150°C 

500 mW 

Lead Temperature (Soldering, 10 sec) 

300°C 


PARAMETER 

CONDITIONS 

LH2111 

LH2211 

LH2311 

UNITS 

Input Offset Voltage (Note 4) 

T a = 25°C, R s <50k 

3.0 

, 3.0 

7.5 

mV Max 

Input Offset Current (Note 4) 

T a = 25°C 

.10 

10 

50 

nA Max 

Input Bias Current 

T a = 25° C 

100 

100 . 

250 

nA Max 

Voltage Gain 

T a = 25°C 

• 200 

200 

200 

V/ mV Typ 

Response Time (Note 5) 

T a « 25°C 

200 

200 

200 

ns Typ 

Saturation Voltage 

V| N < -5 mV, Iout = 50 mA 
, T a = 25° C 

1.5 . 

, T5 

1.5 

V Max 

Strobe On Curient 

T a = 25°C 

3.0 

3.0 

3.0 

mA Typ 

Output Leakage Current 

V IN > 5 mV, V OU T = 35V 

T a = 25°C 

10 

10 

50 

nA Max 

Input Offset Voltage (Note 4) 

R s ^ 50k 

4.0 

40 

10 

mV Max 

Input Offset Current (Note 4) 


20 

20 

70 

nA Max 

Input Bias Current 

' 

150 

150 

300 

nA Max 

Input Voltage Range 


±14 

±14 

±14 

V Typ 

Saturation Voltage 

V 4 > 4.5V, V“ = 0 

V, N < -5 mV, l stNK < 8 mA 

0.4 

0.4 

0.4 

V Max 

Positive Supply Current 

T a = 25°C 

6.0 

6.0 

7.5 

mA Max 

Negative Supply Current 

T a = 25°C 

5.0 

5.0 

5.0 

mA Max 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative 
input voltage limit is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature is 150 l ’C. For operating at elevated temperatures, devices in the flat package, the 
derating is based on a thermal resistance of 185°G/W when mounted on a 1/16-inch-thick epoxy glass board with 0.03-inch- 
wide, 2 ounce copper conductor. The thermal resistance of the dual-in-tine package is 100’C/W, junction to ambient. 

Note 3: These specifications apply for Vg = ? 15V and -55 ‘C < T^ < 125° C for the LH2111, -25°C < T^ < 85°C for the 
LH2211, and 0°C < T/\ < 70°C for the LH2311, unless otherwise stated. The offset voltage, offset current and bias current 
specifications apply for any supply voltage from a single 5V supply up to *15V supplies. For the LH2311, V|(\|=±10mV. 
Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of 
either supply with a 1 mA load. Thus, these parameters define an error band and take into account the worst case effects of 
voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 
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National 
Semiconductor 

LM106/LM206/LM306 Voltage Comparator 


Voltage Comparators 


General Description 

The LM106 series are high-speed voltage com- 
parators designed to accurately detect low-level 
analog signals and drive a digital load. They are 
equivalent to an LM710, combined with a two 
input NAND gate and an output buffer. The 
circuits can drive RTL, DTL or TTL integrated 
circuits directly. Furthermore, their outputs can 
switch voltages up to 24V at currents as high as 
100 mA. 

Features 

■ Improved accuracy 

■ Fan-out of 10 with DTL or TTL 

■ Added logic or strobe capability 

■ Useful as a relay or lamp driver 

■ Plug-in replacement for the LM710 

■ 40 ns maximum response time 


The devices have short-circuit protection which 
limits the inrush current when it is used to drive 
incandescent lamps, in addition to preventing 
damage from accidental shorts to the positive 
supply. The speed is equivalent to that of an 
LM710. However, they are even faster where buf- 
fers and additional logic circuitry can be eliminated 
by the increased flexibility of the LM106 series. 
They can also be operated from any negative 
supply voltage between -3V and -12V with little 
effect on performance. 

The LM106 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM206 is specified for operation over the ~25°C 
to +85°C temperature range. The LM306 is speci- 
fied for operation over 0°C to +70°C temperature 
range. 


Schematic and Connection Diagrams * * 



Metal Can 

TOE VIEW 

v + 



Order Number LM106H, LM206H or LM306H 
See NS Package H08C 
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LM106/LM206/LM306 


Absolute Maximum Ratings 

Positive Supply Voltage 15V 

Negative Supply Voltage -15V 

Output Voltage 24V 

Output to Negative Supply Voltage 30V 

Differential Input Voltage ±5V 

Input Voltage ±7V 

Electrical Characteristics (Note 2 > 

Power Dissipation (Note 1) 600 mW 

Output Short Circuit Duration 10 seconds 

Operating Temperature Range T MIN T MAX 

LM106 -55°C to +125°C 

LM206 ‘ -25°C to +85°C 

LM306 0°C to +70°C 

Storage Temperature Range .. -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 



LM106/LM206 

LM306 




MIN TYP MAX 

MIN TYP MAX 


Input Offset Voltage 

(Note 3) 

0.5 2.0 

1.6 5.0 

mV 

Input Offset Current 

(Note 3) 

0.7 3.0 

1.8 5.0 

MA 

Input Bias Current 


10 20 

16 25 

juA 

Response Time 

R L = 390ft to 5V 

Cl = 15 pF, (Note 4) 

28 40 

28 40 

ns 

Saturation Voltage 

V|N 5s~5'mV/loiJT = 100 mA 

1.0 1.5 


V 


V||\| <~7 mV, loUT = 100 mA 


0.8 2.0 

V 

Output Leakage Current 

V||\|> 5 mV, 8V < Vquj < 24V 

0.02 .1 .0 


HA 


V|N > 7 mV, 8V < VquT < 24V 


0.02 2.0 

»A 

The following specifications apply for T|\/|IN < T A < T|yiAX W° te 5) 




Input Offset Voltage 

(Note 3) 

3.0 

6.5 

mV 

Average Temperature Coefficient of 
Input Offset Voltage 


3.0 10 

5 20 

A v/°c 

Input Offset Current 

Tl < Ta < 25°C, (Note 3) 

1.8 7.0 

2.4 7.5 

ma 


25°C<T A <T H 

0.25 3.0 

5.0 

/uA 

Average Temperature Coefficient of 

25°C<T A <T H 

5.0 25 

15 50 

nA/°C 

Input Offset Current 

Tl < t a < 25°c 

15 75 

~ 24 100 

nA/°C 

Input Bias Current 

tl < Ta < 25°c 

45 

25 40 

ma 


25°C<T A <T H 

20 

25 

HA 

Input Voltage Range 

— 7V > V - > -12V 

±5.0 

±5.0 

V 

Differential Input Voltage Range 


±5.0 

±5.0 

V 

Saturation Voltage 

V|N <~5 mV, loUT = 50 mA 

V|N <“8 mV For LM306 

1.0 

1.0 

V 

Saturation Voltage 

V|N < -5 mV, IqUT = 16 mA 
V|N<“8mV For LM306 

0.4 

. 0.4 

V 

Positive Output Level 

V|N > 5 mV, loUT = “400pA 
V|N>8mV For LM306 

2.5 5.5 

2.5 5.5 

V 

Output Leakage Current 

V|N > 5 mV, 8V < V 0 UT < 24V 

V||\j > 8 mV For LM306 
Tl<Ta<25°C 

1.0 

2.0 

pA 


25°C<T A <T H 

100 

100 

PA 

Strobe Current 

^STROBE = 0.4V 

-1.7 -3.2 

-1 .7 -3.2 

mA 

Strobe "ON" Voltage 


0.9 1.4 

0.9 1 .4 

V 

Strobe "OFF" Voltage 

•SINK < 16 mA 

1.4 2.2 

1.4 2.2 


Positive Supply Current 

V|N - -5 mV 

Vt N =-8 mV For LM306 

5.5 10 

5.5 10 


Negative Supply Current 


-1 .5 -3.6 

-1.5 -3.6 


Note 1: The maximum junction temperature of LM106 is 150°C, LM206 is 110°C, LM306 is 85°C. For operating at elevated temperatures, 

devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the 

flat package, the derating is based on a thermal resistance of 185° C/W when mounted on a 1/1 6-inch-thick epoxy glass board with ten, 0.03-inch- 
wide, 2-ounce copper conductors. 

Note 2: These specifications apply for -3V > V~ > -12V, V + = 12V and Ta = 25°C unless otherwise specified. All currents into device pins are 
considered positive. 

Note 3: The offset voltages and offset currents given are the maximum values required to drive the output down to 0.5V or up to 4.4V (0.5V or 

up to 4.8V for the LM306). Thus, these parameters actually define an error band and take into account the worst-case effects of voltage gain, 
specified supply voltage variations, and common mode voltage variations. 

Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 

Note 5: All currents into device pins are considered positive. 


5-10 

























5-11 


LM106/LM206/LM306 










LM111/LM211 




National 
Semiconductor 

LM111/LM211 Voltage Comparator + 

General Description 


Voltage Comparators 


The LM111 arid LM211 are voltage comparators 
that have input currents nearly a thousand times 
lower than devices like the LM106 or LM710. 
They are also designed to operate over a wider 
range of supply voltages: from standard ± 15V op 
amp supplies down to the single 5V supply used 
for 1C logic. Their output is compatible with RTL, 
DTL and TTL as well as MOS circuits. Further, 
they can drive lamps or relays, switching voltages 
up ’ to 50V at currents as high as 50 mA. Out- 
standing characteristics include: 

■ Operates from single 5V supply 


■ Differential input voltage range: ±30V 

■ Power consumption: 135mWat±15V 

Both the inputs and the outputs of the LM111 or 
the LM211 can be isolated from system ground, 
and the output can drive loads referred to ground, 
the positive supply or the negative supply. Offset 
balancing and strobe capability are provided and 
outputs can be wire OR'ed. Although slower than 
the LM106 and LM710 (200 ns response time vs 
40 ns) the devices are also much less prone to 
spurious oscillations. The LM1 1 1 has the same pin 
configuration as the LM106 and LM710. 


■ Input current: 150 nA max. over temperature 

■ Offset current: 20 nA max. over temperature 


The LM211 is identical to the LM1 1 1, except that 
its performance is specified over a -25°C to 85°C 
temperature range instead of -55°C to 125°C. 


*See application hints LM311 


Auxiliary Circuits** 


R2 

3.0k 



Typical Applications * * 



Detector for Magnetic Transducer 





FROM D/A NETWORK 



Strobing off Both Input* 
and Output Stages 
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Absolute Maximum Ratings 

Total Supply Voltage (V 84 ) 

Output to Negative Supply Voltage (V 74 ) 
Ground to Negative Supply Voltage (V 14 ) 
Differential Input Voltage 
Input Voltage (Note 1) 

Power Dissipation (Note 2) 

Output Short Circuit Duration 
Operating T emperature Range LM 1 1 1 
, LM211 

Storage Temperature Range 
Lead Temperature (soldering, 10 sec) 
Voltage at Strobe Pin 


36V 

50V 

30V 

±30V 

±15V 


500 mW 
10 sec 
-55°C to 125°C 
-25°C to 85°C 
-65°C to 150°C 
300° C 
V+-5V 


Electrical Characteristics (Note 3> 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T a = 25°C, R s < 50k 


0.7 

3.0 

mV 

Input Offset Current (Note 4) 

T a = 25° C 


4.0 

10 

nA 

Input Bias Current 

T a = 25°C 


60 

100 

nA 

Voltage Gain 

T a = 25°C 

40 

200 


V/mV 

Response Time (Note 5) 

T a = 25°C 


200 


ns 

Saturation Voltage 

V )N — mV, I 0 ut = 50 mA 

T a = 25°C 


0.75 

1.5 

V 

Strobe ON Current (Note 6) 

T a = 25°C 


3.0 


mA 

Output Leakage Current 

V, N >5 mV, V OUT = 35V 

Ta = 25 C, Istrobe = 3 mA 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 

R s < 50k 



4.0 

mV 

Input Offset Current (Note 4) 




20 

nA 

Input Bias Current 




150 

nA 

Input Voltage Range 

V + = 15V, V“= -15V, Pin 7 
Pull-Up May Go To 5V 

-14.5 

13.8,-14.7 

13.0 

V 

Saturation Voltage 

V + > 4.5V, V~ = 0 

V | ^ — 6 mV, Isink ^ 8 mA 


0.23 

0.4 

V 

Output Leakage Current 

Vin >5 mV, V OUT = 35V 


0.1 

0.5 

M A 

Positive Supply Current 

T a = 25° C 


5.1 

6.0 

mA 

Negative Supply Current 

T a = 25°C 


4.1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative 
input voltage limit is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LM111 is 150°C, while that of the LM211 is 110°C. For operating at ele- 
vated temperatures, devices in the TO-5 package must be derated based on a thermah resistance of 150°C/W, junction to ambient, 
or 45°C/W, junction to case. The thermal resistance of the dual-in-line package is 1 00 °C/W, junction to ambient. 

Note 3: These specifications apply for V$ = ±15V and Ground pin at ground, and -55°C < < +125°C, unless otherwise 

stated. With the LM211, however, all temperature specifications are limited to -25°C < T/\ < +85°C. The offset voltage, offset 
current and bias current specifications apply for any supply voltage from a single 5V supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either 
supply with a 1 mA load. Thus, these parameters define an error band and take into account the worst-case effects, of voltage gain 
and input impedance. 

Note 5: The response time specified (see definitions) is .for a 100 mV input step with 5 mV overdrive. 

Note 6: Do not short the strobe pin to ground; it should be current driven at 3 to 5 mA. 
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LM111/LM211 




.TAGE (mV) OUTPUT VOLTAGE (V) 



-16 -12 -8 -4 0 4 8 12 16 

DIFFERENTIAL INPUT VOLTAGE (V) 


-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


-1 -.5 0 .5 1 

DIFFERENTIAL INPUT VOLTAGE (mV) 


Response Time for Various 
input Overdrives 


1 

~rr 

~rr 


1 

,7 

Z 

-V s 

1 

* ±15V_ 


20 mV 

1 

Jf 


T* 

= 25°C 


5 mV 

1 

hi 


_ 

- 1 - 



- + LM111 


Response Time for Various 
Input Overdrives 


3 20 mV - 

= I N 

£ 2 5 mV ^ 
° t 2 mV^c 


5V 

— ' *■ LM111 


Output Saturation Voltage 


*3 0.5 



TIME (nt) 


TIME W 

OUTPUT CURRENT (mA) 

Response Time for Various 
Input Overdrives 


Response Time for Various 

Input Overdrives 

Output Limiting Characteristics 
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SUPPLY CURRENT (mA) 


1 

Ta * 

J 

25°C 


L 



POSITIVE SUPPLY - 
OUTPUT L0W^-1 

3 



-A 

/ 

7 

"^^posItiv^and^^ ■ 

NEGATIVE SUPPLY- 
_ OUTPUT HIGHj 










[ 

1 





5 10 15 ZD 25 30 

SUPPLY VOLTAGE (V) 




-55 -35 -15 5 25 45 65 B5 105 125 

TEMPERATURE (°C) 


25 45 65 85 1 

TEMPERATURE (°C) 


Typical Applications (Continued) 




Zero (Crossing Detector Driving MOS Switch 


*TTL or DTL fanout of tvs 

100 kHz Free Running Multivibrator 




•Adjust for symmetrical square 
wave time when V tN = 5 mV. 
^Minimum capacitance 20 pF 
Maximum frequency 50 kHz 


10 Hz to 10 kHz Voltage Controlled Oscillator 




•Input polarity is 

reversed when using I. -i- 
pin 1 as output. 

Driving Ground-Referred Load 



I- ■ ■■+ m ANALOG INPUT 

Using Clamp Diodes to Improve Response 


*Values shown are for a 
0 to 30V logic swing and 
a 15V threshold. 

*May be added to control 
speed and reduce susceptibility 
to noise spikes. 




TTL Interface with High Level Logic 


Crystal Oscillator Comparator and Solenoid Driver 
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LM111/LM211 









LM111/LM211 
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Schematic Diagram 


BALANCE/STROBE BALANCE 


C R4 « 

^ 300 * 

► 

> 

> 


n 

A W 

1.3k * 

► 

> 

L_ 

1.3k ^ ' h*. 

1 R5* 

1 70 ^ 


v . 1 1 





V. 



INPUTS I 02' 

I 5V 5V 


► R6 S R7 

► 1.2k > 1.2k 


r 

Jn i 

* 

> R18 * 

► 

r I 


> 200 j 

► 

R14 S 


[ 


2k > 



Connection Diagrams * 


Dual-ln-Line Package 


Metal Can Package 

v + 


GROUND/ , 

rV 

INPUT! 2 T 


b 

BALANCE/ 

STROBE 

INPUT 

4 



T 

NC 

5 


s/7> 

CO BALANCE 

V" 

5 - - 



NOTE: Pin 4 connected to cj 
TOP VIEW 


Order Number LM111H or LM211H 
See NS Package H08C 


Note: Pin 6 connected to bottom of package. 
TOP VIEW 

Order Number LM111J or LM21 1 J 
See NS Package J14A 


*Pm connections shown are for metal can. 
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LM111/LM211 



LM119/LM219/LM319 


3 


Voltage Comparators 


National 
Semiconductor 

LM119/LM219/LM319 High Speed Dual Comparator 


General Description 

The LM119 series are precision high speed dual 
comparators fabricated on a single monolithic 
chip. They are designed to operate over a wide 
range of supply voltages down to a single 5V logic 
supply and ground. Further, they have higher 
gain and lower input currents than devices like 
the LM710. The uncommitted collector of the 
output stage makes the LM119 compatible with 
RTL, DTL and TTL as well as capable of driving 
lamps and relays at currents up to 25 mA. Out- 
standing features include: 

Features 

■ Two independent comparators 

■ Operates from a single 5V supply 

■ Typically 80 ns response time at ±15V 

■ Minimum fan-out of 2 each side 


■ Maximum input current of 1 /iA over tempera- 
ture 

■ Inputs and outputs can be isolated from system 
ground 

■ High common mode slew rate 

Although designed primarily for applications re- 
quiring operation from digital logic supplies, the 
LM1 19 series are fully specified for power supplies 
up to ±15V. It features faster response than the 
LM1 1 1 at the expense of higher power dissipation. 
However, the high speed, wide operating voltage 
range and low package count make the LM119 
much more versatile than older devices like the 
LM711. 

The LM119 is specified from ~55°C to +125°C, 
the LM219 is specified from -25°C to +85°C/and 
the LM319 is specified from 0°C to +70° C. 


Schematic and Connection Diagrams 



' Dual- In-Line-Package 



Order Number LM319N 
See NS Package N14A 


Order Number LM119J, LM219J 
or LM319J 
See NS Package J14A 


Metal Can Package 



TOP VIEW 


Order Number LM119H, LM219H 
or LM319H 
See NS Package H10C 
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Absolute Maximum Ratings LM119/LM219 


Total Supply Voltage 

36V 

Power Dissipation (Note 2) 

500 mW 

Output to Negative Supply Voltage 

36V 

Output Short Circuit Duration 

10 sec 

Ground to Negative Supply Voltage 

25V 

Operating Temperature Range LM1 19 

-55°C to 125°C 

Ground to Positive Supply Voltage 

18V 

LM219 

-25°C to 85°C 

Differential Input Voltage 

±5V 

Storage Temperature Range 

-65°C to 150°C 

Input Voltage (Note 1) 

±15V 

Lead Temperature (Soldering, 10 sec) 

300°C 


Electrical Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

.MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T a = 25°C, R s £ 5k 


0.7 

4.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


30 

75 

nA 

Input Bias Current 

T a = 25°C 


150 

500 

nA 

Voltage Gain 

T a = 25°C 

1 10 

40 


V/mV 

Response Time (Note 5) 

T A = 25°C V S = ±15V 


80 


’ ns 

Saturation Voltage 

V, N -5 mV, I 0 ut = 25 mA 

T a = 25°C 


0.75 

1.5 

V 

Output Leakage Current 

V tN ^5mV, V oux = 35V 

T a = 25°C 


0.2 

2 

juA 

Input Offset Voltage (Note 4) 

Rs <1 5k 



7 

mV 

Input Offset Current (Note 4) 




100 

nA 

Input Bias Current 




1000 

nA 

Input Voltage Range 

V s = ±15V 


±13 


V 


V + = 5V, V" = 0 

1 


3 

V 

Saturation Voltage 

V + ^ 4.5V, V" = 0 

Vin^- 6 mV, Isink^ 3.2 mA 

t a >o°c 


0.23 

0.4 

V 


t a <;o°c 



0.6 

V 

Output Leakage Current 

V IN ^5mV, V OU t = 35V 


1 

10 


Differential Input Voltage 




±5 

V 

Positive Supply Current 

T a = 25°C, V + = 5V, V" = 0 


4.3 


mA 

Positive Supply Current 

T a = 25°C V s = ±15V 


8 

11.5 

mA 

Negative Supply Current 

T A = 25°C V S = ±15V 


3 

4.5 

mA 


Note 1: For supply voltages less than ±15V the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum junction temperature of the LM119 is 150°C, while that of the LM219 is 1 jO°C. For operating at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to 
ambient, or 45°C/W, junction to case. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vg = ±15V, and the Ground pin at ground, and — 55° C < T^ < +125°C, unless other- 
wise stated. With the LM219, however, all temperature specifications are limited to — 25° C <T/\< +85°C. The offset voltage, 
offset current and bias current specifications apply for any supply voltage from a single 5V supply up to +15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of ei- 
ther supply with a 1 mA load. Thus, these parameters define an. error band and take into account the worst case effects of 
voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
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LM119/LM219/LM319 











LM1 19/LM219/LM319 


Absolute Maximum Ratings LM319 


Total Supply Voltage 

36V 

Power Dissipation (Note 2) 

500 mW 

Output to Negative Supply Voltage 

36V 

Output Short Circuit Duration 

10 sec 

Ground to Negative Supply Voltage 

25 V 

Operating Temperature Range LM319 

0' C to 70°C 

Ground to Positive Supply Voltage 

18V 

Storage Temperature Range 

-65 C to 150°C 

Differential Input Voltage 

±5V 

Lead Temperature (Soldering, 10 sec) 

300°C 

Input Voltage (Note 1) 

±15V 



Electrical Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T a = 25°C, R s £ 5k 


2.0 

8.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


80 

200 

nA 

Input Bias Current 

T a = 25°C 


250 

1000 

nA 

Voltage Gain 

T a = 25°C 

8 

40 


V/mV 

Response Time (Note 5) 

T a = 25°C V S = ±15V 


80 


ns 

Saturation Voltage 

V, N £-10 mV, l OUT = 25mA 






T a = 25°C 


0.75 

1.5 

V 

Output Leakage Current 

V in > 10 mV, V OUT = 35V, 






v"= V GND = 0V, T a =25°C 


0.2 

10 

mA 

Input Offset Voltage (Note 4) 

R s ^5k 



10 

mV 

Input Offset Current (Note 4) 




300 

nA 

Input Bias Current 




1200 

nA 

Input Voltage Range 

V s = ±15V 


±13 


V 


V + = 5V, V~ = 0 

1 


3 

V 

Saturation Voltage 

V + > 4.5V, V = 0 


0.3 

0.4 

V 

' 

V (N ^-10mV, I s ,nk^ 3.2 mA 





Differential Input Voltage 




±5 

V 

Positive Supply Current 

T a = 25°C, V + = 5V, V" = 0 


4.3 


mA 

Positive Supply Current 

T A = 25°C V s = ±15V 


8 

12.5 

mA 

Negative Supply Current 

T a = 25°C V s = ±15V 


3 

5 

mA 


Note 1: For supply voltages less than ±15V the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum junction temperature of the LM319 is 85°C. For operating at elevated temperatures, devices in the 
TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 
The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vg = ±15V and 0°C < T/\ < 70°C, unless otherwise stated. The offset voltage, offset 
current and bias current specifications apply for any supply. voltage from a single 5V supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of 
either supply with a 1 mA load. Thus, these parameters define an error band and take into account the worst case effects of 
voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 
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Typical Performance Characteristics LM119/LM219 


Input Currents 



Common Mode Limits 


Transfer Function 



TEMPERATURE (°C) 



-1.0 -0.6 -0.2 0.2 0.6 1.0 
DIFFERENTIAL INPUT VOLTAGE (mV) 


Response Time for Various 
Input Overdrives 


Response Time for Various 

Input Overdrives Input Characteristics 


6.0 

5.0 

Z 4 0 

|l 30 

° £ 2.0 

> 1.0 

_ 0 
> 

-5 0 

|«-50 

5 -100 

> II I I 

0 50 100 150 200 250 300 350 

TIME (ns) 



TIME (ns) 



-10 -6.0 -2.0 2.0 6.0 10 
DIFFERENTIAL INPUT VOLTAGE (V) 



Response Time for Various 
Input Overdrives 


Response Time for Various 
Input Overdrives 


6.0 

5.0 

i_ - 4.0 

g§ 3.0 

° £ 2.0 

> 

1.0 

_ 0 

> 

£ 0 

£ o -50 

- 5 -100 
> 

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 

TIME (ns) TIME (ns) 





0 0.2 0.4 0.6 0.8 1.0 

OUTPUT VOLTAGE (V) 


Supply Current 



0 5.0 10 15 20 

SUPPLY VOLTAGE (±V) 


Supply Current 





: 

J 

: 





P( 

)SIT 

VES 

H 

UPP 

LY, 

's = 

t15V 

— 


__ 








- 

^POSITIVE SI 

PPLY, V s 

h-4-J 

* = 5.0V, V s ~ =0 



— 

U 




J 



dr: 

■ 

— 

_ 

VEG 

j 

UTIV 

j 

E SUPPLY, V s j = ±15V- 

— 


-55 -35 -15 5.0 25 45 65 85 105 125 
TEMPERATURE (°C) 


Output Limiting Characteristics 



0 5.0 10 15 

OUTPUT VOLTAGE (V) 
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LM119/LM219/LM319 








LM119/LM219/LM319 
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OUTPUT VOLTAGE LOW (V) POWER DISSIPATION (W) 








£73 National Voltage Comparators 

'dSLm Semiconductor 

LM139/239/339, LM139A/239A/339A, LM2901,LM3302 
Low Power Low Offset Voltage Quad Comparators 

General Description 


The LM139 series consists of four independent 
precision voltage comparators with an offset volt- 
age specification as low as 2 mV max for all four 
comparators. These were designed specifically to 
operate from a single power supply over a wide 
range of voltages. Operation from split power 
supplies is also possible and the low power supply 
current drain is independent of the magnitude of 
the power supply voltage. These comparators also 
have a unique characteristic in that the input 
common-mode voltage range includes ground, 
even though operated from a single power supply 
voltage. 

Application areas include limit comparators, simple 
analog to digital converters; pulse, squarewave and 
time delay generators; wide range VCO; MOS clock 
timers; multivibrators and high voltage digital logic 
gates. The LM139 series was designed to directly 
interface with TTL and CMOS. When operated 
from both plus and minus power supplies, they 
will directly interface with MOS logic- where the 
low power drain of the LM339 is a distinct advan- 
tage over standard comparators. 


Advantages 


High precision comparators 
Reduced Vqs drift over temperature 


Schematic and Connection Diagrams 


■ Eliminates need for dual supplies 

■ Allows sensing near gnd 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

Features 

■ Wide single supply voltage range or dual sup- 
plies 

LM139 series, 2 Vqc t° 36 Vqc or 

LM139A series, LM2901 ±1 VqC to ±18 VqC 
LM3302 2 V D c to 28 VqC 

or ±1 VqC to ±14 V DC 

■ Very low supply current drain (0.8 mA) — 
independent of supply voltage (2 mW/compara- 
torat+5V DC ) 

■ Low input biasing current 25 nA 

■ Low input offset current ±5 nA 

and offset voltage ±3 mV 

■ Input common-mode voltage range includes gnd 

■ Differential input voltage range equal to the 
power supply voltage 

■ Low output 250 mV at 4 mA 

saturation voltage 

■ Output voltage compatible with TTL, DTL, 
ECL, MOS and CMOS logic systems 


} Dual-In-Line and Flat Package 




Typical Applications <v+ = 5.0 v DC ) 


Order Number LM139J, LM139AJ, 
LM239J, LM239AJ, LM339J, 
LM339AJ, LM2901J or LM3302J 
See NS Package J14A 

Order Number LM339N, LM339AN, 
LM2901N or LM3302N 
See NS Package N14A 





Basic Comparator 


Driving CMOS 
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LM139/LM239/LM339, 

LM139A/LM239A/LM339A, LM2901, LM3302 
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LM139/LM239/LM339, 

LM139A/LM239A/LM339A, LM2901, LM3302 


Absolute Maximum Ratings 

LM139/LM239/LM339 



LM139A/LM239A/LM339A 

LM3302 


LM2901 


Supply Voltage, V + 

36 V DC or ±18 V DC 

28 Vqc or ±14 Vqc 

Differential Input Voltage 

36 V DC 

28,V DC 

Input Voltage 

-0.3 VqC to +36 VdC , 

-0.3 Vdc t0 +28 Vqc 

Power Dissipation (Note 1) 



Molded DIP 

570 mW 

570 mW 

Cavity DIP 

900 mW 


Flat Pack 

800 mW 


Output Short-Circuit to GND, (Note 2) 

Continuous 

Continuous 

Input Current (V||\j < -0.3 Vdc>< (N° te 3) 

50 mA 

. 50 mA 

Operating Temperature Range 



LM339A 

0°C to +70°C 

-40° C to +85°C 

LM239A 

-25°C to +85°C 


LM2901 

-40° C to +85°C 


LM139A 

-55°C to +125°C 


Storage Temperature Range 

-65° C to +150°C 

-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

300° C 

300°C 

Electrical Characteristics 

(V + = 5 V DC , Note 4) 





I LM139A 

| LM239A, LM339A 

| LM139 

| LM239, LM339 | 

LM2901 | 

| LM3302 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP MAX 

MIN 

TYP 

MAX 

MIN TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Ta = 25° C, (Note 9) 


±1.0 

±2.0 


±1.0 ±2.0 


±2.0 

±5.0 

±2.0 

±5.0 


±2.0 

±7.0 


±3 

±20 

mVoc 

Input Bias Current 

1 IN (+) or l|NH with Output in 

Linear Range, Ta = 25°C, (Note 5) 


25 

100 


25 250 


25 

100 

25 

250 


25 

.250 


25 

500 

"Adc 

Input Offset Current 

l|N(+)-l|N(-). T A = 25°C 


±3.0 

±25 


±5.0 ±50 


±3.0 

±25 

±5.0 

±50 


±5 

±50 


±3 

±100 

nAoC 

Input Common-Mode Voltage 
Range 

Ta = 25°C, (Note 6) 

0 


V + -1 .5 

0 

V + -1 .5 

0 


V + -1 .5 

0 

V + -1.5 

0 


V + -1 .5 

0 


V + -1.5 

vdc 

Supply Current 

Rj_ = 00 on all Comparators, Ta = 25°C 


0.8 

2.0 


0.8 2.0 


0.8 

2.0 

0.8 

2.0 


0.8 

2.0 


0.8 

2 

mAoC 


' RL = V + = 30V, Ta = 25°C 












1 

2.5 




mAoC 

Voltage Gain 

r l > 15 kn, v + = 15 Vqc (To 

Support Large Vq Swing), Ta = 25°C 

50 

200 


50 

200 


200 


200 


25 

100 


2 

30 


V/mV 

. Large Signal Response Time 

V|N = TTL Logic Swing, VreF = 

1.4 V DC , V RL = 5 V DC , Rl = 5.1 kJ2, 
Ta = 25°C 


300 



300 


300, 


300 



300 



300 


ns 

Response Time 

Vrl = 5 VqC' Rl = 5- 1 k£2, 

Ta = 25°C, (Note 7) 


1.3 



13 


1.3 


1.3 



1.3 



1.3 


PS 

Output Sink Current . 

V| N (-)> 1 V DC , V|N(+) = 0, 

V 0 <1.5 V DC , T A = 25°C 

6.0 

16 


6.0 

16 - 

6.0 

16 


6.0 16 


6.0 

16 


6.0 

16 


mAoC 

Saturation Voltage 

Vinh> i vdc- Vin(+) = 0 , 

•SINK < 4 mA. Ta = 25°C 


250 

400 


250 400 


250 

400 

250 

400 



400 


250 

500 

mVoc 

Output Leakage Current 

Vin(+)> i v D c. v in {— ) ~ o, 
v 0 = 5 Vqc, ta = 25°c 


0.1 



0.1 


0.1 


0.1 



0.1 



0.1 


n Aoc 
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Electrical Characteristics (Continued) 


PARAMETER 

CONDITIONS 

LM139A 

LM239A, LM339A 

LM139 

LM239, LM339 

LM2901 

LM3302 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 


MIN 

TYP 

MAX 

MIN TYP MAX 

Input Offset Voltage 

(Note 9) 

4.0 

4.0 

9.0 

9.0 


9 

15 

40 

mVoc 

Input Offset Current 

l|N(+)-»INH 

±100 

±150 

±100 

±150 


50 

200 

300 

nAQC 

Input Bias Current 

l|N(+) or l|N(-> with Output in 

Linear Range 

300 

400 

300 

400 


200 

500 

1000 

nAQC 

Input Common-Mode Voltage 
Range 


0 V + -2.0 

o 

cvi 

+ 

> 

o 

0 V + -2.0 

0 V + -2.0 

0 


0 

CN 

1 

+ > 

o 

> 

o 

VDC 

Saturation Voltage 

V|N(-)> 1 V D c. V|N(+) » 0. 
ISINK<4mA 

700 

700 

700 

700 


400 

700 

700 

mVoc 

Output Leakage Current 

V|N(+)>1 V D c. V|N(-) = 0, 

Vq = 30 Vqc 

1.0 

1.0 

1.0 

1.0 



1.0 

1.0 

mAqc 

Differential Input Voltage 

Keep all V|n's> 0 Vqc (or V - , 
if used), (Note 8) 

V + 

V + 

36 

36 

0 


V + 

vcc 

v D c 


Note 1: For operating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125°C maximum junction temperature and a thermal resistance of 175°C/W which applies for 
the device soldered in a printed circuit board, operating in a still air ambient. The LM239 and LM139 must be derated based on a 150°C maximum junction temperature. The low bias dissipation and the "ON- 
OFF" characteristic of the outputs keeps the chip dissipation very small (Pq <100 mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 20 mA independent of the magnitude of V + . 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the comparators to go to the 
V + voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was nega- 
tive, again returns to a value greater than -0.3 Vqc. 

Note 4: These specifications apply for V + = 5 Vqc and -55°C < Ta < +425° C, unless otherwise stated. With the LM239/LM239A, all temperature specifications are limited to -25°C < T a < +85°C, the 
LM339/LM339A temperature specifications are limited to 0°C < Ta < +70°C, and the LM2901, LM3302 temperature range is-40°C < Ta < +85°C. 

Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the reference or 
input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V + -1 .5V, but either or both 
inputs can go to +30 Vqc without damage. 

Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance characteristics section. 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the comparator will provide a proper output state. The low 

input voltage state must not be less than -0.3 Vqc (or 0.3 Vqc below the magnitude of the negative power supply, if used). 

Note 9: At output switch point, Vq s 1.4 Vqc, Rs = Ofi with V + from 5 Vqq; and over the full input common-mode range (0 Vqc to V + -1.5 Vqc). 

Note 10: For input signals that exceed Vcc» onl Y the overdriven comparator is affected. With a 5V supply, V|N should be limited to 25V max, and a limiting resistor should be used on all inputs that might 

exceed the positive supply. 
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139 /LM 239 /LM 339 , 

1 39 A/LM 239 A/LM 339 A, LM 2901 ,LM 3302 


Typical Performance Characteristics LM139/LM239/LM339, lmi 39 a/lm 239 a/lm 339 a, LM3302 



0 10 20 30 40 ’ 

SUPPLY VOLTAGE (Vqc) 


Input Current 






Vin(cm) ,= 0 Vqc 






(CM) 

sNT 


-T a 

= -5 

5°C 






-1 

-T A 

.3 

— 

= 0° 

P 

— 

C_ 

P 


= 


— 

— 

3 

T/ 

= +W5°C 

L_l 

g 

i 

£ 

t a 

= +25 

t7n°n 

i°C" 



L_ 


L_i_l_ 


0 10 20 30 40 

V + - SUPPLY VOLTAGE (Vdc) 



0.01 0.1 1.0 10 100 


l 0 - OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives — Negative 
Transition 


Response Time for Various 
Input Overdrives — Positive 
Transition 





Typical Performance Characteristics Lumoi 



0 ■> 10 20 30 40 

V + . SUPPLY VOLTAGE (y oc ) 


Input Current 



V + , SUPPLY VOLTAGE (V oc > 


Output Saturation Voltage 



l 0 , OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives— Negative 
Transition 


TT 

5^0 mV = INPUT. OVERDRIVE | 

-20mV t- 

|NJ 



rrn^ 

_Ul 



r 

10 

0 mV 



*r 






1 

l 

























n 








! 1 1 


0 0.5 -1.0 1.5 2.0 

. TIME ksec) 


Response Time for Various 
Input Overdrives— Positive 
Transition 
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Application Hints 

The LM139 series are high gain, wide bandwidth 
devices which, like most comparators, can easily 
oscillate if the output lead is inadvertently allowed 
to capacitively couple to the inputs via stray 
capacitance. This shows up only during the output 
voltage transition intervals as the comparator chan- 
ges states. Power supply bypassing is not required 
to solve this problem. Standard PC board layout 
is helpful as it reduces stray input-output coupling. 
Reducing the input resistors to < 10 k£2 reduces 
the feedback signal levels and finally, adding even 
a small amount (1 to 10 mV) of positive feedback 
(hysteresis) causes such a rapid transition that 
oscillations due to stray feedback are not possible. 
Simply socketing the 1C and attaching resistors to 
the pins will cause input-output oscillations during 
the small transition intervals unless hysteresis is 
used. If the input signal is a pulse waveform, with 
relatively fast rise and fall times, hysteresis is not 
required. 

All pins of any unused comparators should be 
grounded. 

The bias network of the LM139 series establishes a 
drain current which is independent of the magni- 
tude of the power supply voltage over the range 
of from 2 V DC to 30 V DC . 

It is usually unnecessary to use a bypass capacitor 
across the power supply line. 


Typical Applications iv + = 15 v oc > 



One-Shot Multivibrator 


The differential input voltage may be larger than 
V + without damaging the device. Protection should 
be provided to prevent the input voltages from 
going negative more than -0.3 V DC (at 25°C). An 
input clamp diode can be used as shown in the 
applications section. 

The output of the LM1 39 series is the uncommitted 
collector of a grounded-emitter NPN output tran- 
sistor. Many collectors can be tied together to 
provide an output OR'ing function. An output 
pull-up resistor can be connected to any available 
power supply voltage within the permitted supply 
voltage range and there is no restriction on this 
voltage due to the magnitude of the voltage which 
is applied to the V + terminal of the LM139A 
package. The output can also be used as a simple 
SPST switch to ground (when a pull-up resistor is 
not used). The amount of current which the 
output device can sink is limited by the drive 
available (which is independent of V + ) and the j3 
of this device. When the maximum current limit 
is reached (approximately 16 mA), the output 
transistor will come out of saturation and the 
output voltage will rise very rapidly. The output 
saturation voltage is limited by the approximately 
60^ rsa t of the output transistor. The low offset 
voltage of the output transistor (1 mV) allows 
the output to clamp essentially to ground level 
for small load currents. 



Bi-Stable Multivibrator 



M139/LM239/LM339, 

M139A/LM239A/LM339A, LM2901,LM3302 














Typical Applications (Continued) (V + = 5 V DC ) 




Non-Inverting Comparator with Hysteresis 


Inverting Comparator with Hysteresis 





Comparing Input Voltages 
of Opposite Polarity 


Basic Comparator 


Output Strobing 



Two-Decade High-Frequency VCO 




,nn 


Limit Comparator 


Crystal Controlled Oscillator 
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LM139/LM239/LM339, 

LM139A7LM239A/LM339A, LM2901, LM3302 






LM139/LM239/LM339, 

LM139A/LM239A/LM339A, LM2901, LM3302 


Typical Applications (Continued) iv + = 5v dc i 




Low Frequency Op Amp with Offset Adjust 


Zero Crossing Detector (Singlei Power Supply) 


Split-Supply Applications (V + = +1 5 V DC and V = — 15 V DC ) 



MOS Clock Driver 


Comparator With a Negative Reference 
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VW\ National 

Jut t Semiconductor 

LM160/LM260/LM360 High 
Comparator 

General Description 

The LM160/LM260/LM360 is a very high speed 
differential input, complementary TTL output 
voltage comparator with improved characteristics 
over the /iA760/pA760C, for which it is a pin-for- 
pin replacement. The device has been optimized 
for greater speed, input impedance and fan-out, 
and lower input offset voltage. Typically delay 
varies only 3 ns for overdrive variations of 5 mV 
to 500 mV. 

Complementary outputs having minimum skew 
are provided. Applications involve high speed 
analog to digital convertors and zero-crossing 
detectors in disc file systems. 


Voltage Comparators 
Speed Differential 

Features 

■ Guaranteed high speed 20 ns max 

■ Tight delay matching on both outputs 

■ Complementary TTL outputs 

■ High input impedance 

■ Low speed variation with overdrive variation 

■ Fan-out of 4 

■ Low input offset voltage 
' ■ Series 74 TTL compatible 


Schematic and Connection Diagrams 


Metal Can Package 




Order Number LM160H, LM260H or LM360H 
See NS Package H08C 


Dual-In-Line Package 




Order Number LM360N 

See NS Package N08B 


Dual-In-Line Package 


NO NC V* OUTPUT 1 OUTPUT 2 GND NC 

I’ 4 _ \ n l« ” ’° I* 1* 

. INVERTING 

OUTPUT 2 

w 


T F F F r F r 

NC NC NC INPUT 2 INPUT 1 V NC 

TOP VIEW 


Order Number LM360N-14 

See NS Package N14A 


Order Number LM160J-14, LM260J-14 
See NS Package J14A 


LM160/LM260/LM360 




LM160/LM260/LM360 


Absolute Maximum Ratings 


Positive Supply Voltage 
Negative Supply Voltage 
Peak Output Current 
Differential Input Voltage 
Input Voltage 


+8V Operating Temperature Range 
-8V LM160 

20 mA LM260 

±5V LM360 

V + > V fN > V" Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


-55°C to +125°C 
-25°C to +85° C 
0°C to +70°C 
-65°C to +150°C 
300°C 


Electrical Characteristics ( T MIN <T a <T max ) 


PARAMETER 


Operating Conditions 
Supply Voltage V cc + 

Supply Voltage V C c~ 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Output Resistance (Either Output) 

Response Time 


Response Time Difference Between Outputs 
(t P d of +V, N1 ) - (t pd of -V | N2 ) 

(*pd of +V| N2 ) ~ (t pd of -V, N1 ) 

(t pd °f + V )N1 ) - (t pd of +V, N2 ) 

(tpd of-V, N1 ) - (tp d of-V, N2 ) 

Input Resistance 
Input Capacitance 

Average Temperature Coefficient of Input 
Offset Voltage 

Average Temperature Coefficient of Input 
Offset Current 

Common Mode Input Voltage Range 
Differential Input Voltage Range 
Output High Voltage (Either Output) 
Output Low Voltage (Either Output) 
Positive (supply Current 
Negative Supply Current 


CONDITIONS 


Re < 200ft 


T A = 25°C, V s = ±5V (Note 1) 
T a = 25°C, V s = ±5V (Note 2) 
T a = 25°C, V s = ±5V (Note 3) 


T A =25 C, (Note 1) 
T a = 25° C, (Note 1) 
T a =25°C, (Note 1) 
T a = 25°C, (Note 1) 



V s = ±6.5V 


-320/iA, V s = ±4.5V 


Icinjk — 6.4 mA 


Note 1: Response time measured from the 50% point of a 30 mVp.p 10 MH 2 sinusoidal input to the 50% point of the output. 
Note 2: Response time measured from the 50% point of a 2 Vp.p 10 MHz sinusoidal input to the 50% point of the output. 
Note 3: Response time measured from the start of a 100 mV input step with 5 mV overdrive to the time when, the output 
crosses the logic threshold. 
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Typical Performance Characteristics 



Offset Voltage 



- 55-35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 


Input Currents vs Ambient 
Temperature 



AMBIENT TEMPERATURE (°C) 



-5 -4 -3 -2 -1 0 1 2 3 4 5 

DIFFERENTIAL INPUT VOLTAGE (V) 


Supply Current vs Ambient 
Temperature 



AMBIENT TEMPERATURE (°C) 


Propagation Delay vs 
Ambient Temperature 



- 55 - 35-15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 


Delay of Output 1 With 
( Respect to Output 2 vs 
^mbient Temperature 



-55 -35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 


Common-Mode 
Pulse Response 
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AC Test Circuit 

OUTPUT T0V + 



TIME <ns) 



LM161/LM261/LM361 


i 
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Voltage Comparators 


National 
Semiconductor 

LM161/LM261/LM361 High Speed Differential 


Comparators 

General Description 

The LM161/LM261/LM361 is a very high speed 
differential input, complementary TTL output 
voltage comparator with improved characteristics 
over the SE529/NE529 for which it is a pin-for-pin 
replacement. The device has been optimized for 
greater speed performance and lower input offset 
voltage. Typically delay varies only 3 ns for 
over-drive variations of 5 mV to 500 mV. It may 
be operated from op amp supplies (±15V). 

Complementary outputs having minimum skew 
are provided. Applications involve high speed 
analog to digital convertors and zero-crossing 
detectors in disc file systems. 


Features 

■ Independent strobes 

■ Guaranteed high speed 20 ns max 

■ Tight delay matching on both outputs 

■ Complementary TTL outputs 

■ Operates from op amp supplies ±15V 

■ Low speed variation with overdrive variation 

■ Low input offset voltage 

■ Versatile supply voltage range 


Schematic and Connection Diagrams 



Dual-ln-Line Package 



Order Number LM161J, LM261J 
or LM361J 
See NS Package J14A 

Order Number LM361N 
See NS Package N14A 


Metal Can Package 



Order Number LM161H, LM261H 
or LM361H 
See NS Package H10C 
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Absolute Maximum Ratings Operating Conditions 





MIN 

TYP 

MAX 

Positive Supply Voltage, V + 

+16V 

Supply Voltage V + 




Negative Supply Voltage, V“ 

-16V 

LM161/LM261 

5V 


15V 

Gate Supply Voltage, V cc 

+7V 

LM361 

5V 


15V 

Output Voltage 

+7V 

Supply Voltage V“ 




Differential Input Voltage 

±5V 

LM161/LM261 

-6V 


-15 V 

Input Common Mode Voltage 

±6V 

LM361 

-6V 


. -15V 

Power Dissipation 

600 mW 

Supply Voltage V cc 




Storage Temperature Range 

-65° C to +150°C 

LM161/LM261 

4.5V 

5V 

5.5V 

Operating Temperature Range 

t MIN t MAX 

LM361 

4.75V 

5V 

5.25V 

LM161 

-55°C to +125°C 





LM261 

-25° C to +85°C 





LM361 

0°C to +70° C 





Lead Temperature (Soldering, 10 sec) 

300°C 






Electrical Characteristics (V + = +10V, V cc = +5V, V" » -10V, T min £ T a ^ T max , unless noted) 




LIMITS 


PARAMETER 

CONDITIONS 

LM161/LM261 

LM361 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 




3 


1 

5 

mV 

Input Bias Current 

T a = 25°C 





10 

30 

pA 



■ 

20 



MA 

Input Offset Current 

T a = 25°C 


B 

3 



5 

pA 

pA 

Voltage Gain 

T a = 25° C 







V/mV 

Input Resistance 

T a = 25°C. f = 1 kHz 


20 





k n 

, Logical "1" Output Voltage 

V cc = 4.75V. 

•source = “5 mA 

2.4 

3.3 


2.4 

K9 


V 

Logical "0” Output Voltage 

V cc = 4.75V, 

•sink = 6.4 mA 



.4 



.4 • 

V 

Strobe Input "1” Current 

V cc - 5.25V. 

Ystrobe = 2.4V 



200 



200 

MA 

Strobe Input "0" Current 

V cc = 5.25V, 

V STROBE = -4V 



-1.6 



-1.6 

mA 

Strobe Input ”0" Voltage 

V cc = 4.75V 



.8 



.8 

V 

Strobe Input "1" Voltage 

V cc = 4.75V 

2 



2 



V 

Output Short Circuit Current 

V cc = 5.25V, V OUT - 0V 

V + = 10V, V" = -10V, 

18 


55 

-18 


-55 

mA 

Supply Current l + 

V cc -5.25V, 

-55°C<T A < 125°C 



4.5 




mA 


V + = 10V, V“ = -10V, 








Supply Current ! + 

V cc = 5.25V, 

0°C^T A <70°C 






5 

mA 


V + = 10V. V~ = -10V, 








Supply Current I” 

V cc = 5.25V, 

-55°C < T a < 125°C 

V + = 10V, V“= -10V. 



10 




mA 

Supply Current l~ 

V cc = 5.25V, 

0°C ^ T A ^ 70°C 






10 

mA 


V + = 10V, V~ = -10V. 








Supply Current l cc 

V cc * 5 25V. 

-55°C<T A <125°C 

V + = 10V, V~ = -10V, 



18 




mA 

Supply Current l cc 

V cc = 5.25V. 

0°C ^ T A ^ 70°C 





! 

20 

mA 

TRANSIENT RESPONSE 

V | N = 50 mV Overdrive 








Propagation Delay Time (t pd(0) ) 

T a = 25°C 


14 

20 


14 

20 

ns 

Propagation Delay Time (t pdM >) 

T a = 25°C 


14 

20 


14 

20 

ns 

Delay Between Output A and B 

T a =25°C 


2 

5 


2 

5 

ns 

Strobe Delay Time (t pd(0) ) 

T a = 25°C 


8 



8 


ns 

Strobe Delay Time (tp d(n) ) 

T a = 25°C 


8 



8 


ns 
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Typical Performance Characteristics 


Offset Voltage 



-55 -35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE ( C) 


Input Currents vs Ambient 
Temperature 
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Input Characteristics 
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-55 -35-15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE ( C) 


Supply Current vs 
Supply Voltage 


i4 r 
< 12 



±5 ±6 ±7 ±8 ±9 ±10 ±11 ±12 ±13 ±14 ±15 
SUPPLY VOLTAGE (V + , V) (V) 


Propagation Delay vs Ambient 
Temperature 


see ac Test circuit 



-55-35-15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 


Delay of Output 1 With 
Respect to Output 2 vs 
Ambient Temperature 


Strobe Delay vs Ambient 
Temperature 


Common-Mode 
Pulse Response 


SEE AC TEST CIRCUIT 
30 bBOTH OUTPUTS LOADED-; 


-55 -35-15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 




-55-35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C> 


AC Test Circuit 



5-36 





National 

Semiconductor 


Voltage Comparators 


LM193/LM293/LM393, LM193A/LM293A/LM393A, LM2903 
Low Power Low Offset Voltage Dual Comparators 

General Description 


The LM193 series consists of two independent precision 
voltage comparators with an offset voltage specification 
as low as 2.0 mV max for two comparators which were 
designed specifically to operate from a single power 
supply over a wide range of voltages. Operation from 
split power supplies is also possible and the low power 
supply current drain is independent of the magnitude 
of the power supply voltage. These comparators also 
have a unique characteristic in that the input common- 
mode voltage range includes ground, even though 
operated from a single power supply voltage. 

Application areas include limit comparators, simple 
analog to digital converters; pulse, squarewave and time 
delay generators; wide range VCO; MOS clock timers; 
multivibrators and high voltage digital logic gates. The 
LM193 series was designed to directly interface with 
TTL and CMOS. When operated from both plus and 
minus power supplies, the LM193 series will directly 
interface with MOS logic -where their low power drain 
is a distinct advantage over standard comparators. 


Advantages 


High precision comparators 
Reduced V os drift over temperature 


■ Eliminates need for dual supplies 

■ Allows sensing near ground 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 


Features 

■ Wide single supply 

Voltage range 2.0 V DC to 36 V DC 

or dual supplies ±1.0 V DC to ±18 V DC 

■ Very low supply current drain (0.8 mA)— indepen- 
dent of supply voltage (1.0 mW/comparator at 
5.0 V DC ) 

■ Low input biasing current 25 nA 

■ Low input offset current ±5 nA 

and maximum offset voltage ±3 mV 

■ Input common-mode voltage range includes ground 

■ Differential input voltage range equal to the power 
supply voltage 

■ Low output 250 mV at 4 mA 

saturation voltage 

■ Output voltage compatible with TTL, DTL, ECL, 
MOS and CMOS logic systems 


Schematic and Connection Diagrams 



Metal Can Package 


Dual-1 n-Line Package 



Order Number LM193H, LM193AH, LM293H, Order Number LM393N, LM393AN 
LM293AH, LM393H or LM393AH or LM2903N 

See NS Package H08C See NS Package N08B 


Typical Applications <v+ = 5.0 v c 





Basic Comparator 


Driving CMOS 
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LM193/LM293/LM393, 
LM193A/LM293A/LM393A, LM2903 


Absolute Maximum Ratings 

Supply Voltage, V + 

Differential Input Voltage 

Input Voltage 

Power Dissipation (Note 1) 

Molded DIP 
Metal Can 

Output Short-Circuit to Ground, (Note 2) 

Input Current (V| |\| < -0.3 Vpc)- (Note 3) 

Operating Temperature Range 
LM393/LM393A 
LM293/LM293A 
LM193/LM193A 
LM2903 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


36 Vqc or ±18 Vpc 
36V DC 
-0-3 Vdc t° +36 Vqc 

570 mW 
830 mW 
Continuous 
50 mA 

0°C to +70° C 
-25°C to +85°C 
-55°C to +125°C 
-40° C to +85°C 
-65° C to +150°C 
300°C 


Electrical Characteristics (v + = 5 v DC ) (Note 4) 



CONDITIONS 

LM193A 

LM293A, LM393A 

LM193 

LM293, LM393 

LM2903 

UNITS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN - 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Ta = 25°C, (Note 9) 


±1.0 

±2.0 


±1.0 

±2.0 


±1.0 

±5.0 


±1.0 

±5.0 


±2.0 * 

±7.0 

mVoc 

Input Bias Current 

l||\|+ or l||\j- with Output In Linear 

Range, Ta = 25°C, (Note 5) 


25 

100 


25 

250 


25 

100 


25 

250 


25 , 

250 

nAoc 

Input Offset Current 

l|N+ “l|N-, Ta = 25°C 


±3.0 

±25 


±5.0 

±50 


±3.0 

±25- 


±5.0 

±50 


±5.0 

±50 

nAoc 

Input Common-Mode Voltage Range 

T A = 25°C, (Note 6) 

0 


V + -1 .5 

0 


V + -1 .5 

0 


V + -1 .5 

0 


V + -1 .5 

0 


< 

in 

vdc 

Supply Current 

R l = 00 on AH Comparators, Ta = 25°C 


. 0.4 

1 


0.4 

1 


0.4 

1 


0.4 

1 


0.4 

1.0 

mAoc 


RL = 00 on All Amps, V + = 30 Vqc 


1 

2.5 


1 

, 2.5 



2.5 



2.5 


1 , - 

2.5 

mADC 

Voltage Gain 

R L > 15kJ2,TA = 25°C, V + = 15 V D C 

(To Support Large Vo Swing) 

50 

200 


50 

200 


50 

200 


50 

200 


25 

100 


V/axV 

Large Signal Response Time 

V|N = TTL Logic Swing, Vref = 1.4 Vqc 
vrl = 5 Vdc- Rl = s.i kn, ta = 25°c 


300 



. 300 



300 



300 



300 


ns 

Response Time 

Vrl = 5 Vdc. Rl = 5.1 kft, Ta = 25°c, 

(Note 7) 


1.3 



1.3 



1.3 



1.3 



1.5 


MS 

Output Sink Current 

V|n-> i Vdc. V|n+ = 0, vo <1.5 vdc. 

Ta = 25°C 

6.0 

16 


6.0 

16 


6.0 

16 


6.0 

16 


6 

16 


mAoc 

Saturation Voltage 

V|N-> 1 V D C. V|N+ = 0, lsiNK<4 rnA, 
T A = 25°C . 


250 

400 


250 

400 


250 

400 


250 

400 



400 

mVoc 

Output Leakage Current 

V IN— = 0, V||\|+ > 1 Vdc. v O = 5 Vdc. 

Ta = 25° C 


0.1 



0.1 



0.1 



0.1 



0.1 


nAoc 
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Electrical Characteristics (Continued) 




LM193A | 

LM293A, LM393A 

I LM193 I 


LM2903 




MIN TYP 

MAX 

MIN TYP MAX 

MIN 

TYP MAX 

MIN TYP MAX 

MIN TYP 

MAX 


Input Offset Voltage 

(Note 9) 


4.0 

4.0 


9 

9 

9 

15 

mVQQ 

Input Offset Current 

l|N+-l|N- 


±100 

±150 - 


±100 

±150 

50 

200 

n A0C. 

Input Bias Current 

l|N+ or > IN — -with Output in Linear Range 


300 

400 


300 

400 

200 

500 

nAQQ 

Input Common-Mode Voltage Range 


0 

V + -2.0 

0 V + -2.0 

0 

V+-2.0 

o 

< 

+ 

ro 

o 

0 

0 

CM 

1 

+ 

> 

vdc 

Saturation Voltage 

V|N— > 1 Vqq, V|N + = 0, lsiNK<4mA. 


700 

700 


700 

700 

400 

700 

mVQQ 

Output Leakage Current 

VjM— = 0, V IN+ > 1 Vqq, V 0 = 30 Vqq. 


1.0 

1.0 


1.0 

1.0 


1.0 

pAqq 

Differential Input Voltage 

Keep Ail V in's > 0 Vqq (or V - , if Used), 
(Note 8) 


v + 

v + 


V + 

V + 


v + 

vdc 


Note 1: For operating at high temperatures, the LM393/LM393A and LM2903 must be derated based on a 125°C maximum junction temperature and a thermal resistance of 175°C/W which applies for the 
device soldered in a printed circuit board, operating in a still air ambient. The LM193/LM193A/LM293/LM293A must be derated based on a 150°C maximum junction temperature. The low bias dissipation and 
the "ON-OFF" characteristic of the outputs keeps the chip.dissipation very small (Pq < 100 mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 20 mA independent of the magnitude of V + . 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby 

acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the comparators to go to the 
V + voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, 
again returns to a value greater than -0.3 Vqq. 

Note 4: These specifications apply for V + = 5 Vqq ancl “55° C < T/\ < +125°C, unless otherwise stated. With the LM293/LM293A all temperature specifications are limited to -25°C < T/^ < +85°C and the 

LM393/LM393A temperature specifications are limited to 0°C < T/^ < +70° C. The LM2903 is. limited to -40° C < T^ < +85° C. 

Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current js essentially constant, independent of the state of the output so no loading change exists on the reference or 
input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V + -1 .5V, but either or both 
inputs can go to 30 Vqq without damage. 

Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns pan be obtained, see typical performance characteristics section. 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the comparator will provide a proper output state. The low 

input voltage state must not be less than— 0.3 Vqq (or 0.3 Vqq below the magnitude of the negative power supply, if used). 

Note 9: At output switch point, Vq = 1 .4 Vqq, Rg = 0£l with V + from 5 Vqq to 30 Vqq; and over >the full input common-mode range (0 Vqq to V + -1 .5 Vqq). 

Note 10: For input signals that exceed Vqq, only the overdriven comparator is affected. With a 5V supply, V|n should be limited to 25V max, and a limiting resistor should be used ortall inputs that might exceed 

the positive supply. 
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193/LM293/LM393, 
I193A/LM293A/LM393A, LM2903 


Typical Performance Characteristics LM193/LM293/LM393, lmi 93 a/lm 293 a/lm 393 a 

Input Current 







• Tj 1 1 

V|N(CM) = 0 Vqc 






(CM) 

s 10 


_t a 

= —5 

5°C 
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— t a = o°c — 

TT= 
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— 

— 

— 
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T a = +125°C 

1 1 

1 

£ 

Ta 

= +25 

-7n a r 
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_LL 

t 


Li_G 


to 20 30 

V + - SUPPLY VOLTAGE (Vdc) 


10 20 ' 30 40 

V + - SUPPLY VOLTAGE (Vdc) 



lo - OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives — Negative 
Transition 


_ Response Time for Various 
Input Overdrives — Positive 
Transition 




Typical Performance Characteristics LM2903 




Output Saturation Voltage 


10 20 30 40 

V + . SUPPLY VOLTAGE (V oc ) 


10 . 20 .30 40 

V + , SUPPLY VOLTAGE (Vbc) 



lo. OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives— Negative 
Transition 


Response Time for Various 
I nput Overdrives— Positive 
Transition 


> 

i- 
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Application Hints 

TheLM193 series are high gain, wide bandwidth devices 
which, like most comparators, can easily oscillate if the 
output lead is inadvertently allowed to capacitively 
couple to the inputs via stray capacitance. This shows up 
only during the output voltage transition intervals as the 
comparator changes states. Power supply bypassing is 
not required to solve this problem. Standard PC board 
layout is helpful as it reduces stray input-output 
coupling. Reducing the input resistors to < 10 k£2 
reduces the feedback signal levels and finally, adding 
even a small amount (1.0 to 10 mV) of positive feedback 
(hysteresis) causes such a rapid transition that oscilla- 
tions due to stray feedback are not possible. Simply 
socketing the 1C and attaching resistors to the pins will 
cause input-output oscillations during the small transi- 
tion intervals unless hysteresis is used. If the input signal 
is a pulse waveform, with relatively fast rise and fall 
times, hysteresis is not required. 

All pins of any unused comparators should be grounded. 

The bias network of the LM193 series establishes a drain 
current which is independent of the magnitude of the 
power supply voltage over the range of from 2.0 V DC to 
30 V DC . 

It is usually unnecessary to use a bypass capacitor across 
the power supply line. 


The differential input voltage may be larger than V + 
without damaging the device (see Note 8). Protection 
should be provided to prevent the input voltages from 
going negative more than -0.3 V DC (at 25°C). An input 
clamp diode can be used as shown in the applications 
section. 

The output of the LM193 series is the uncommitted col- 
lector of a grounded-emitter NPN output transistor. Many 
collectors can be tied together to provide an output 
OR'ing function. An output pull-up resistor can be 
connected to any available power supply voltage within 
the permitted supply voltage range and there is no 
restriction on this voltage due to the magnitude of the 
voltage which is applied to the V + terminal of the 
LM193 package. The output can also be used as a 
simple SPST switch to ground (when a pull-up resistor 
is not used). The amount of current which the output 
device can sink is limited by the drive available (which is 
independent of V + ) and the j3 of this device. When the 
maximum current limit is reached (approximately 
16 mA), the output transistor will come out of satura- 
tion and the output voltage, will rise very rapidly. The 
output saturation voltage is limited by the approxi- 
mately 60£2 r SAT of the output transistor. The low 
offset voltage of the output transistor (1.0 mV) allows 
the output to clamp essentially to ground level for 
small load currents. 


Typical Applications (Continued) <v + = is v DC ) 



',nr 


Squarewave Oscillator 





Crystal Controlled Oscillator 


_TLT 


■° /W 
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LM31 


National 

Semiconductor 


Voltage Comparators 


LM311 Voltage Comparator 

General Description 

The LM31 1 is a voltage comparator that has input 
currents more than a hundred times lower than de- 
vices like the LM306 or LM710C. It is also de- 
signed to operate over a wider range of supply 
voltages: from standard ±15V op amp supplies 
down to the single 5V supply used for 1C logic. Its 
output is compatible with RJL, DTL and TTL as 
well as MOS circuits. Further, it can drive lamps or 
relays, switching voltages up to 40V at currents as 
high as 50 mA'. 

Features 

■ Operates from single 5V supply 

■ Maximum input current: 250 nA 

■ Maximum offset current :-50 nA 


■ Differential input voltage range: ±30V 

■ Power consumption: 135mWat±15V 


Both the input and the output of the LM311 can 
be isolated from system ground, and the output 
can drive loads referred to ground, the positive 
supply or the negative supply. Offset balancing 
and strobe capability are provided and outputs can 
be wire OR'ed. Although slower than the LM306 
and LM710C (200 ns response time vs 40 ns) the 
device is also much less prone to spurious oscilla- 
tions. The LM311 has the same pin configuration 
as the LM306 and LM710C. See the "application 
hints" of the LM31 1 for application help. 


Auxiliary Circuits' 


Note: Pin connections shown on schematic diagram 
and typical applications are for TO-5 package. 



T 6 Not*. Do Not Ground 

Stroh* Pin. 



Offset Balancing 


'Increase! typical common 
mode slew from 7.0 V/jjs 
to HV/jis. 


Increasing Input Stage Current* 


Typical Applications' 


ESS 





Detector for Magnetic Transducer 


Digital Transmission Isolator 



‘Absorbs inductive kickback 
of relay end protects 1C from 
D 1 * temt voltage trensients on 
V ++ line. 


Note. Do Not Ground Strobe Pin. 


•Typical input current is 
SO pA with inputs strobed oil. 


Relay Driver with Strobe 


Strobing off Both Input* 
and Output Stages 




Absolute Maximum Ratings 


Total Supply Voltage (V 84 ) 

Output to Negative Supply Voltage (V 74 ) 
Ground to Negative Supply Voltage (V , 4 ) 
Differential Input Voltage 
Input Voltage (Note 1) . 

Power Dissipation (Note 2) 

Output Short Circuit Duration 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (soldering, 10 sec) 
Voltage at Strobe Pin 


Electrical Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T a = 25°C, R s < 50k 


2.0 

7.5 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


6.0 

50 

nA 

Input Bias Current 

T a = 25° C 


100 

250 

nA 

Voltage Gain 

T a = 25° C 

40 

200 


V/mV 

Response Time (Note 5) 

T a = 25°C 


200 


ns 

Saturation Voltage 

V||\j < C — 10 mV, Iout = 50 mA 
T a = 25° C 


0.75 

1.5 

V 

Strobe ON Current 

T a = 25°C 


3.0 


mA 

Output Leakage Current 

V| N > 10 mV, V OUT = 35V 

T A = 25 C, Istrobe = 0 mA 


0.2 

50 

nA 

Input Offset Voltage (Note 4) 

R s < 50k 



10 

mV 

Input Offset Current (Note 4) 




70 

nA 

Input Bias Current 




300 

nA 

Input Voltage Range 

- 

-14.5 

13.8,-14.7 

13.0 

. V 

Saturation Voltage 

V + > 4.5V, V” = 0 


0.23 

0.4 

V 


V tN — 10 mV, Isink < 8 mA 





Positive Supply Current 

T a = 25°C 


5.1 

7.5 

mA 

Negative Supply Current 

T a = 25°C 


4.1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative 
input voltage limit is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LM31 1 is 1 10°C. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal resistance of 1 50°C/W, junction to ambient, or 45°C/W, junction to case. The thermal 
resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vg = ±15V and the Ground pin at ground, and 0°C < Ta < +70°C, unless otherwise 
specified. The offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5V supply 
up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either 
supply with 1 mA load. Thus, these parameters define an error band and take into account the worst-case effects of voltage gain 
and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 

Note 6: Do not short the strobe pin to ground; it should be current driven at 3 to, 5 mA. 



M311 




r VOLTAGE (V) INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT BIAS CURRENT (nA) INPUT BIAS CURRENT (nA) 
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Typical Performance Characteristics (Continued) 


Supply Current 


POSITIVE SUPPLY - 
OUTPUT LOW^T 


“POSITIVE AND t~ 
NEGATIVE SUPPLY 
.OUTPUT HIGH I 



S 10 IS 20 25 30 

SUPPLY VOLTAGE (V) 


Supply Current 


POSITIVE SUPPLY 
OUTPUT LOW 


F POSITIVE AND — 
NEGATIVE SUPPLY- 
OUTPUT HIGH 


0 10 20 30 40 SO 60 70 

TEMPERATURE (°C) 



25 35 45 55 65 75 

TEMPERATURE <°C) 


Typical Applications 



Zero Crossing Detector 
Driving MOS Switch 



*TTL or DTL finout of two. 

100 kHz Free Running Multivibrator 



*lnput polarity is reverstd 
when using pin 1 as output. 


Driving Ground-Referred Load 


- IHM-I- f Wr-f 

y.Z, 2 L tats? ± Jv 


*•> 

l 

•r ■;* 

'Adjust for symmetrical square 


^ ■m ( 

wave time when V tN = 5 mV. ‘ 


+ N. 

^Minimum capacitance 20 pF *JJ ' ; 



Maximum frequency 50 kHz 





1 



10 Hz to 10 kHz Voltage Controlled Oscillator 


» + + ANALOG input 

Using Clamp Diodes to Improve Response 


'Values shown are for a 
0 to 30V logic swing and 
a 15V threshold. 

^May be added to control 
speed and reduce susceptibility 
to noise spikes. 




TTL Interface with High Level Logic 


Crystal Oscillator 


Comparator and Solenoid Driver 
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Schematic Diagram 



Connection Diagrams * 


Meta! Can Package 

v + 



NOTE: Pin 4 connected to case. 
TOP VIEW 


DuaMn-Line Package 


Dual-ln-Line Package 


Order Number LM311N 
See NS Package N08B 
Order Number LM311J-8 
See NS Package J08A 




•Pin connections shown on schematic diagram 
and typical applications are for TO-5 package. 


Order Number LM31 IN-14 
See NS Package N14A 
Order Number LM311J 
See NS Package J14A 
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LM311 


Application Hints 

CIRCUIT TECHNIQUES FOR AVOIDING 
OSCILLATIONS IN COMPARATOR APPLICATIONS 

When a high-speed comparator such as the LM111 is 
used with fast input signals and low source impedances, 
the output response will normally be fast and stable, 
assuming that the power supplies have been bypassed 
(with 0.1 fJt F disc capacitors), and that the output signal 
• is routed well away from the inputs (pins 2 and 3) and 
also away from pins 5 and 6. 

However, when the input signal is a voltage ramp or a 
slow sine wave, or if the signal source impedance is high 
(1 k£2 to 100 kfi), the comparator may burst into 
oscillation near the crossing-point. This is due to the 
high gain and wide bandwidth of comparators like the 
LM111. To avoid oscillation or instability in such a 
usage, several precautions are recommended, as shown 
in Figure 1 below. 

1. The trim pins (pins 5 and 6) act as unwanted auxil- 
iary inputs. If these pins are not connected to a trim- 
pot, they should be shorted together. If they are 
connected to a trim-pot, a 0.01 juA capacitor Cl 
between pins 5 and 6 will minimize the susceptibility 
to AC coupling. A smaller capacitor is used if pin 5 is 
used for positive feedback as in Figure 1 . 

2. Certain sources will produce a cleaner comparator 
output waveform if a 100 pF to 1000 pF capacitor 
C2 is connected directly across the input pins. 

3. When the signal source is applied through a resistive 
network, R s , it is usually advantageous to choose an 
R s ' of substantially the same value, both for DC and 
for dynamic (AC) considerations. Carbon, tin-oxide, 
and metal-film resistors have all been used successfully 
in comparator input circuitry. Inductive wirewound 
resistors are not suitable. 


4. When comparator circuits use input resistors (eg. 
summing resistors), their value and placement are 
particularly important. In, all cases the body of the 
resistor should be close to the device or socket. In 
other words there should be very little lead length or 
printed-circuit foil run between comparator and 
resistor to radiate or pick up signals. The same applies 
to capacitors, pots, etc. For example, if R s = 10 k!2, as 
little as 5 inches of lead between the resistors and the 
input pins can result in oscillations that are very hard 
to damp. Twisting these input leads tightly is the 
only (second best) alternative to placing resistors 
close to the comparator. 

5. Since feedback to almost any pin of a comparator 
can result in oscillation, the printed-circuit layout 
should be engineered thoughtfully. Preferably there 
should be a groundplane under the LM 111 circuitry, 
for example, one side of a double-layer circuit card. 
Ground foil (or, positive supply or negative supply 
foil) should extend between the output and the 
inputs, to act as a guard. The foil connections for the 
inputs should be as small and compact as possible, 
and should be essentially surrounded by ground foil 
on all sides, to guard against capacitive coupling from 
any high-level signals (such as the output). If pins 5 
and 6 are not used, they should be shorted together. 
If they are connected to a trim-pot, the trim-pot 

f should be located, at most, a few inches away from the 
LM 1 1 1 , and the 0.01 juF capacitor shoiild be installed. 
If this capacitor cannot be used, a shielding printed- 
circuit foil may be advisable between pins 6 and 7, 
The power supply bypass capacitors should be located 
within a couple inches of the LM111. (Some other 
comparators require the power-supply bypass to be 
located immediately adjacent to the comparator.) 



Pin connections shown are for LM1 1 1 H in 8-lead TO-5 hermetic package 


FIGURE 1. Improved Positive Feedback 
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Application Hints (Continued) 

6. It is a standard procedure to use hysteresis (positive 
feedback) around a comparator, to prevent oscillation, 
and to avoid excessive noise on the output because 
the comparator is a good amplifier for its own noise. 
In the circuit of Figure 2, the feedback from the 
output to the positive input will cause about 3 mV of 
hysteresis. However, if R s is larger than 10012, such 
as 50 k!2, it would not be reasonable to simply 
increase the value of the positive feedback resistor 
above 510 k!2. The circuit of Figure 3 could be used, 
but it is rather awkward. See the notes in paragraph 
7 below. 

7. When both inputs of the LM111 are connected to 
active signals, or if a high-impedance signal is driving 
the positive input of the LM1 1 1 so that positive feed- 
back would be disruptive, the circuit of Figure 1 is 


ideal. The positive feedback is to pin 5 (one of the. 
offset adjustment pins). It is sufficient to cause 1 to 
2 mV hysteresis and sharp transitions with input 
triangle waves from a few Hz to hundreds of kHz. 
The positive-feedback signal across the 8217 resistor 
swings 240 mV below the positive supply. This signal 
is centered around the nominal voltage, at pin 5, so 
this feedback does not add to the V 0 s of the com- 
parator. As much as 8 mV of V os can be trimmed 
out, using the 5 k!2 pot and 3 k!2 resistor as shown. 


8. These application notes apply specifically to the 
LM111, LM211, LM311, and LF111 families of 
comparators, and are applicable to all high-speed 
comparators in general, (with the exception that not 
all comparators have trim pins). 



Pin connections shown are for LM 1 1 1 H in 8-lead TO-5 hermetic package 

FIGURE 2. Conventional Positive Feedback 



FIGURE 3. Positive Feedback With High Source Resistance 
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LM710/LM710C 
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Voltage Comparators 


LM710/LM710C Voltage Comparator 

General Description 


The LM710 series are a high-speed voltage com- 
parators intended for use as an accurate, low-level 
digital level sensor or'as a replacement for opera- 
tional amplifiers in comparator applications where 
speed is of prime importance. The circuit has a 
differential input and a single-ended output, with 
saturated output levels compatible with practically 
all types of integrated logic. 1 

The device is built on a single silicon chip which 
insures low offset and thermal drift. The use of 
a minimum number of stages along with minority- 
carrier lifetime control (gold doping) makes the 
circuit much faster than operational amplifiers in 
saturating comparator applications. In fact, the low 


stray and wiring capacitances that can be realized 
with monolithic construction make the device dif- 
ficult to duplicate with discrete components oper- 
ating at equivalent power levels. 

The LM710 series are useful as pulse height dis- 
criminators, voltage’ comparators in high-speed A/D 
converters or go, no-go detectors in automatic test 
equipment. They also have applications, in digital 
systems as , an adjustable-threshold line receiver or 
an interface between logic types. In addition, the 
low cost of the units suggests it for applications 
replacing relatively simple discrete component 
circuitry. 


Schematic* and Connection Diagrams 



Metal Can Package 


Dual-1 n-Line Package 




Order Number LM710H 
or LM710CH 
See NS Package H08C 


Order Number LM710N 
or LM710CN 
See NS Package N14A 


Typical Applications * 


Line Receive With Increased 
Output Sink Current 


Schmitt Trigger 




Level Detector With Lamp Driver 


Pulse Width Modulator 



*Pin connections shown are for'metal can. 
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Absolute Maximum Ratings 




Positive Supply Voltage 

+14V 

Operating Temperature Range 

TMIN TmaX 

Negative Supply Voltage 

— 7V 

LM710 

-55°C to +125°C 

Peak Output Current 

10 mA 

LM710C 

0°C to +70°C 

Output Short Circuit Duration 

10 seconds 

Storage Temperature Range 

— 65°C to +150°C 

Differential Input Voltage 

±5V 

Lead Temperature (Soldering, 60 seconds) 

300° C 

Input Voltage .... 

±7V 



Power Dissipation 




TO-99, (Note 1) 

300 mW 



Flat Package, (Note 2) 

200 mW 




Electrical Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

LM710 | 

’ LM710C i 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

RS < 200ft, Vqm = 0V, T A = 25°C 


. 0.6 

2.0 


1.6 

5.0 

mV 

Input Offset Current 

V 0U T= 1.4V,T A = 25°C‘ 


0.75 

3.0 


1.8 

5.0 

MA 

Input Bias Current 

T A = 25°C 


13 

20 


16 

25 

ma 

Voltage Gain 

T A = 25° C 

1250 







Output Resistance 

T A = 25° C 







ft 

Output Sink Current 

V 0 UT = 0, T A = 25°C 
* AV||\| > 5 mV 

2.0 

,2.5 . 





mA 


AV|fyj > 10 mV 




1.6 

2.5 


mA 

Response Time 

T A = 25°C, (Note 4) 


40 



40 


ns 

Input Offset Voltage 

R S < 200ft, V C M = 0V 



3.0 



6.5 

mV 

Average Temperature Coefficient 

tmin<t a <t M ax 


30. 

10 



20 

mV/°C 

of Input Offset Voltage 

R S <50ft 








Input Offset Current 

t a = t AM ax 


0.25 

3.0 



7:5 

M 


Ta = T A MIN 


1.8 

7.0 



7.5 • 

ma 

Average Temperature Coefficient . 

25 0 C<T A <TmaX 


' 5.0 

25 . 


15 

50 ! 

nA/°C 

of Input Offset Current 

TmIN<T A <25°C 


15 

75 


24 


nA/°C 

Input Bias Current r 

ta = t M in 


27 

45 


25 



Input Voltage Range 

V - = -7V 

±5.0 



±5.0 



V 

Common-Mode Rejection Ratio 

R S < 200ft 

80 



70 

98 


dB 

Differential Input Voltage Range 


±5.0 



±5.0 



V 

Voltage Gain 








V/V 

Positive Output Level 

-5 mA < loUT < 0 

V|N > 5 nriV 

.2.5 

.3.2 

4.0 




V 


V|n > 10 mV 




2.5 

3.2 

4.0 

V 

Negative Output Level 

V| N >5mV 

-1.0 

-0.5 

0 




V 


V|N>10mV 




-1.0 

-0.5 

0 

V 

Output Sink Current 

V|N > 5 mV, VqUT = 0- 
T A = 1 25° C 

0.5 

1.7 





mA 


T A = -55°C 

1.0 

2.3 





mA 


V|N > 10 m V, VoUT = 0 
0°C<T A <+70°C 




0.5 



mA 

Positive Supply Current 

V|N > 5 mV 


5.2 

9.0 




mA 


V|N>10mV 





5.2 

9.0 

mA 

Negative Supply Current 

V|N>5mV 


4.6 

7.0 




mA 


V|N> 10 mV 





4.6 ’ 

7.0 

mA 

Power Consumption 

'out = 0 

V||\j>5mV 


90 

150 




mW 


V||\| > 10 mV 


V 




150 

mW 


Note 1: Rating applies for case temperatures to 125°C for LM710 and to 70°C for LM710C; derate linearly at 5.6 mW/°C for ambient tempera- 
tures above 105° C. 

Note 2: Derate linearly at 4.4 mW/°C for ambient temperatures above 100°C. 

Note 3: These specifications apply for V + = 12V, V“ = -6V, -55°C < T A < +125°C for-LM710 and 0°C < T A < +70° C for LM710C unless 
otherwise specified. The input offset voltage and input offset current (see definitions) are specified for a logic threshold voltage of 1.8V at -55° C, 
1.4V at 25° C, and IV at 125°Cfor LM710 and 1.5VatO°C, 1 .4V at 25°C and 1.2V at 70°C for LM710C. 

Note 4: The response time specified (see definitions) is a 100 mV input step with 5 mV overdrive (LM710) or a 10 mV overdrive (LM710C). 
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LM710/LM710C 





INPUT VOLTAGE (mV) OUTPUT VOLTAGE IV) INPUT BIAS CURRENT (^A) 






National 

Semiconductor 


Voltage Comparators 


LM711/LM711C Dual Comparator 


General Description 

The LM711 series contains two voltage comparators 
with separate differential inputs, a common out- 
put and provision for strobing each side indepen- 
dently. Similar to the LM710, the device features 
low offset and thermal drift, a large input voltage 
range, low power consumption, fast recovery from 
large overloads and compatibility with most inte- 
grated logic circuits. 

With the addition of an external resistor network, 
the LM711 series can be used as a sense amplifier 
for core memories. The input thresholding, com- 
bined with the high gain of the comparator, 
eliminates many of the inaccuracies encountered 


with conventional sense amplifier designs. Further, 
it has the speed and accuracy needed for reliably 
detecting the outputs of cores as small as 20 mils. 


The LM711 series are also useful in other applica- 
tions where a dual comparator with OR'ed outputs 
is required, such as a double-ended limit detector. 
By using common circuitry for both halves, the 
device can provide high speed with lower power 
dissipation than two single comparators. The 
LM7 1 1 C is the commercial/industrial version of the 
LM711. With operation specified over a 0°C to 
+70°C temperature range. 


Schematic** and Connection Diagrams 


STROBE STROBE 



Typical Applications** 

Sense Amplifier With Supply Strobing 
for Reduced Power Consumption* 


Metal Can Package 



TOP VIEW 

Note: Pin S connected to case. 


Order Number LM71 1H or LM71 1CH 
See NS Package H10C 


Dual-In-Line Package 



Order Number LM711CN 
See NS Package N14A 



Double-Ended Limit Detector 
With Lamp Driver 



**Pin connections shown are for metal can. 
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LM711/LM711C 



LM711/LM711C 


Absolute Maximum Ratings 

Positive Supply Voltage +14V Operating Temperature Range 

Negative Supply Voltage -7V LM711 

Peak Output Current 25 mA LM711C 

Differential Input Voltage ±5V Storage Temperature Range 

Input Voltage ±7V Lead Temperature (Soldering, 

Strobe Voltage 0 to +6V 

Internal Power Dissipation (Note 1) 300 mW 

Electrical Characteristics (These specifications apply for Ta = 25°C, V + = 12V, 

Tmin tmax 

-55°C to +125°C 

0°C to +70°C 
-65°C to +150°C 

10 seconds) 300° C 

V~ = -6V) 

PARAMETER 

CONDITIONS (Note 2) 

LM711 

LM711C 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

Input Offset Voltage 

R S < 200J2, V C M = 0 

1 .0 3.5 

1.0 5.0 

mV 


R S < 20012, -5V < Vcm < +5V 

1.0 5.0 . 

1.0 7.5 

mV 

Input Offset Current 


0.5 10.0 

0.5 15 

M 

Input Bias Current 


25 75 

25 100 

ma 

Voltage Gain 


750 1500 

700 1500 


Response Time (Note 3) 


40 

40 

ns 

Strobe Release Time 


12 

12 

ns 

Input Voltage Range 

V~ = 7 V 

±5.0 

±5.0 

V 

Differential Input Voltage 


±5.0 

±5.0 

V 

Range 





Output Resistance 


200 

200 

12 

Positive Output Level 

V|N > ^ mV 

4.5 5.0 

4.5 5.0 

V 

Loaded Positive Output Level 

Vjn > TO mV, IqUT = “5 mA 

2.5 3.5 

2.5 3.5 

V 

Negative Output Level 

Vjf\] < -10 mV 

-1.0 0 

-1.0 -0.5 0 

V 

Strobed Output Level 

VSTROBE<0.3V 

-1.0 0 

-1.0 0 

V 

Output Sink Current 

V|N <~10 mV, VoUT^ 0 

0.5 0.8 

0.5 0.8 

mA 

Strobe Current 

v STROBE = TOO mV 

1.2 2.5 

1.2 2.5 

mA 

Positive Supply Current 

V|N <-T0 mV 

8.6 

8.6 

mA 

Negative Supply Current 


3.9 

3.9 

mA 

Power Consumption 


130 200 

130 230 

mW 

The following specifications apply for Tjviim < T>\ < T|V|AX : 

Input Offset Voltage 

R S < 20012, V C M = o 

4.5 

6.0 

mV 


R S < 20012 

6.0 

10 

mV 

Input Offset Current 


20 

25 

ma 

Input Bias Current 


150 

150 

VA 

Average Temperature 





Coefficient of Input 





Offset Voltage 


5.0 

5.0 

juV/°C 

Voltage Gain 


500 

500 


Note 1 : Rating applies for case temperatures to 125°C; derate linearly at 5.6 mW/° C for ambient temperatures above 105°C. 


Note 2: The input offset voltage and input offset current (see definitions) are specified for a logic threshold voltage of 1.8V at -55° C, 1.4V at 

25°C, and IV at 125°C. 





Note 3: The response time specified is for a 100 mV input step with 5 mV overdrive (see definitions). 
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INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) 



LM711/LM711C 




LM1514/LM1414 


f 
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Semiconductor 
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LM1514/LM1414 Dual Differential Voltage Comparator 


General Description 

The LM1514/LM1414 is a dual differential voltage 
comparator intended for applications requiring 
high accuracy and fast response times. The device 
is constructed on a single monolithic silicon chip. 

The LM1514/LM1414 is useful as a variable thresh- 
old Schmitt trigger, a pulse height discriminator, 
a voltage comparator in high-speed A-D converters, 
a memory sense amplifier or a high noise immunity 
line receiver. The output of the comparator is 
compatible with all integrated logic forms. The 
LM1514/LM1414meet or exceed the specifications 
for the MC1514/MC1414 and are pin-for-pin re- 
placements. TheLM1514 is available in the ceramic 
dual-in-line package. The. LM 1414 is available in 
either the ceramic or molded dual-in-line package. 


The LM1514 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM1414 is specified for operation over the 0°C 
to +70° C temperature range. 

Features 

■ Two totally separate comparators per package 

■ Independent strobe capability 

■ High speed 30 ns typ 

■ Low input offset voltage and current 

■ High output sink current over temperature 

■ Output compatible with TTL/DTL logic 

■ Molded or ceramic dual-in-line package 


Schematic and Connection Diagrams 



Duai-ln-Line Package 



Order Number LM1414J or LM1514J 
See NS Package J14A 
Order Number LM1414N 
See NS Package N14A 
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Absolute Maximum Ratings (Note 1} 


Positive Supply Voltage 
Negative Supply Voltage 
Peak Output Current 
Differential Input Voltage 
Input Voltage 
Power Dissipation (Note 2) 

Operating Temperature Range LM1514 
LM1414 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


+14. 0V 
-7.0V 
10 mA 
±5.0V 
±7.0V 
600 mW 
-55°C to +125°C 
0°C to +70°C 
-65°Cto +150°C 
300°C 


Electrical Characteristics for T A = 25°C, V + = + 12 V, V - = -6V, unless otherwise specified 


PARAMETER 

CONDITIONS 

Input Offset Voltage 

R s £ 200ft, V CM = 0V, Vour - 1.4V 

Input Offset Current 

V CM = 0V. V OUT = 1.4V 

Input Bias Current 


Voltage Gain 


Output Resistance 


Differential Input Voltage Range 


Input Voltage Range 

V" = -7.0V 

Common Mode Rejection Ratio 

R s < 200ft, V' = -7.0V 

Positive Output Voltage, 

V, N > 7.0 mV, 0 < l OU T <-5.0 mA 

Negative Output Voltage 

Vin <-7.0 mV 

Strobed Output Voltage 

V STROBE < 0.3V 

Strobe "0” Current 

^STROBE - 100 mV 

Positive Supply Current 

> 

E 

VI 

z 

> 

Negative Supply Current 

V 1N <-7 mV 

Power Consumption 


Response T ime 

(Note 3) 


Input Offset Voltage ' 


Input Bias Current 
Temperature Coefficient of 
Input Offset Voltage 

Input Offset Current 


Voltage Gain 
Output Sink Current 




Note 1: Voltage values are with respect to network ground terminal. Positive current is defined as current into the referenced 
pin. 

Note 2: LM1514 ceramic package: The maximum junction temperature is +150°C, for operating at elevated temperatures, 
devices must be derated linearly at 12.5 mW/°C. LM1414 ceramic package: The maximum junction temperature is +95°C for 
operating at elevated temperatures, devices must be derated linearly at 12.5 mW/°C. LM1414 molded package: The maximum 
junction temperature is +115°C, for operating at elevated temperatures, devices must be derated linearly at 6.7 mW/°C. 
Note 3: The response time specified (see definitions) for a 100 mV input step with 5 mV overdrive. 

Note 4: For LM1514, T|_ = -55°C, Th = +125°C. For LM1414, T L = 0°C, T H = +70°C. 
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Analog Switches 


Section Contents 


Analog Switches/Multiplexers Selection Guide 6-ill 

Hybrid Analog Switch Selection Guide 6-iv 

Definition of Terms 6-iv 

LF1 1331/LF13331 4 Normally Open Switches With Disable 6-1 

LF1 1 332/LF1 3332 4 Normally Closed Switches With Disable 6-1 

LF11333/LF13333 2 Normally Closed Switches and 2 Normally 

Open Switches With Disable 6-1 

LF11201/LF13201 4 Normally Closed Switches 6-1 

LF11202/LF13202 4 Normally Open Switches 6-1 

LF11508/LF1 3508 8-Channel Analog Multiplexer. 6-11 

LF11509/LF1 3509 4-Channel Differential Analog Multiplexer. 6-11 


Note. For additional information on analog switches, see National Semiconductor’s Special Functions Databook 
and FET Databook. 
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6-iii 


Ron 

(ft) 

v A /i 

(V) 

PART 

NUMBER 

LOGIC 

INPUT 

vs 

(V) 

TYP 

tON/tOFF 

TYP 

Ron 

(ft) 

V A /I 

(V) 

PART 

NUMBER 

LOGIC 

INPUT 

vs 

(V) 

TYP 

tON/tOFF 

TYP 

Ron 

(J2) 

Va/i 

(V) 

PART 

NUMBER 

LOGIC 

INPUT 

Vs 

(V) 

TYP 

tON/tOFF 

TYP 

Dual SPST 





SPDT 


- 




MULTIPLEXERS 





10 

±10 

AH0141/DG141 

TTL 

-18, 12 

0.8/1. 1/js 

10 

±10 

AH0146/DG146 

TTL 

-18, 12 

0.8/ 1.1 ms 







30 

±10 

AH0133/DG133 

TTL 

-18. 12- 

0.5/0.9ps 

30 

±10 

AH0144/DG144 

TTL 

-18, 12 

0.5/0.9jus 

3-Channel 






80 

±10 

AH0134/DG134 

TTL 

-18, 12 

0.5/0.9/iS 

80 

±10 

AH0143/DG143 

TTL 

-18, 12 

0.5/0.9/is 

*100 

15 mA 

AH5013 

15V TTL 

150/300 ns 

15 

±7.5 

AH0151/DG151 

TTL 

±15 

0.8/1. 1/is 

15 

±7 5 

AH0161/DG161 

TTL 

±15 - 

0.8/1. 1ms 

*150 - 

5 mA 

AH5014 • 

TTL 


150/300 ns 

50 

±7.5 

AH0152/DG152 

TTL 

±15 

0.5/0.9/js 

50 

±7.5 

• AH0162/DG162 

TTL 

±15 

0.5/0. 9ms 







*30 

±7.5 

AM181/DG181 

TTL 

±15, 5 

180/150 ns 

100 

±9 

AH21 14 (Sw. 1) 

15V TTL 

±15 

35/600 ns 







*75 

±10 

AM182/DG182 

TTL 

±15; 5 

300/150 ns 



(Sw. 2) 



1.2;us/50 ns 

4-Channel 












*30 

±7.5 

AM187/DG187 

TTL 

±15,5 

180/150 ns 

*100 

15 mA 

AH5009/AM9709 15V TTL 

1 50/300 ns 







*75 

±10 

AM188/DG188 

TTL 

±15,5 

300/150 ns 

*100 

10 mA 

AM97C09 

CMOS 


150/300 ns 

Triple SPST 











*150 

5 mA 

AH5010/AM9710 TTL 


150/300 ns 

*100 

15mA 

AH5015 

15V TTL 

150/300 ns 

Dual SPDT 





*150 

3 mA 

AM97C10 

CMOS 


150/300 ns 

*150 

5 mA 

AH5016 

TTL 


150/300 ns 

*30 

±7.5 

AM190/DG190 

TTL 

±15,5 

180/150 ns 













*75 

±10 

AM191/DG191 

TTL 

±15,5 

300/150 ns 



















4-Channel Differential 





Quad SPST 





Triple SPDT 





280 

±7.5 

CD4052 

CMOS 

±7.5 

150/150 ns 

200-600 

±10 

AH0015 

TTL 

-20, 10, 5 

100/400 ns 

280 

±7.5 

CD4053 

CMOS 

±7.5 

150/150 ns 

*350 

12-15 

LF11509 

. TTL 

±15 

1/0. 2^s 

*200 

±10 

LF11201 

TTL 

±15 

90/500 ns 







270 

±7.5 

CD4529B 

CMOS 

±7.5 

50/50 ns 

*200 

±10 

LF11202 

TTL 

±15 

90/500 ns 

Dual DPST 











*200 

±10 

LF11331 

TTL 

±15 

90/500 ns 

10 

±10 

AH0140/DG140 

TTL 

-18, 12 

0.8/1. 1ms 







*200 

±10 

LF11332 

TTL 

±15 

90/500 ns 

30 

±10 

AH0129/DG129 

TTL 

-18, 12 

0.5/0.9ps 

6-Channel 






*200 

±10 

LF 11333 

TTL 

±15 

90/500 ns 

80 

±10 

AH0126/DG126 

TTL 

-18, 12 

0.5/0.9MS 

250-1500 

50 mA 

AM2009/MM4504/ TTL 

-15, 5 


*250 

±10 

LF13201 

TTL 

±15 

90/500 ns 

15 

±7.5 

AH0153/DG153 

TTL 

±15 

0.8/1.1/is 



MM5504 




*250 

±10 

LF13202 

TTL 

±15 

90/500 ns 

50 

±7.5 

AH0154/DG154 

TTL 

±15 

0.5/0.9/is 







*250 

±10 

LF13331 

TTL 

±15 

90/500 ns 

200600 

±10 

AH0019 

TTL 

-20, 10, 5 

100/400 ns 







*250 

±10 

LF 13332 

TTL 

±15 

90/500 .ns 

*30 

±7.5 

AM184/DG184 

TTL 

±15.5 

180/150 ns _ 

8-Channel 






*250 

±10 

LF 13333 

TTL 

±15 

90/500 ns 

*75 

±10 

AM185/DG185 

TTL 

±15.5 

300/150 ns 

250-400 

±5 

AM3705 

TTL 

-15,5 

300/600 ns 

280 

±7.5 

CD4066 

CMOS 

±7.5 








‘350 

12-15 

LF 11508 

TTL 

±15 

1/0.2/is 

850 

±7.5 

CD4016 

CMOS 

±7.5 


Dual DPDT 





270 

±7 5 

CD4529B 

. CMOS 

±7.5 

50/50 ns 

*100 

15 mA 

AH501 1/AM971 1 

15V TTL 

150/300 ns 

10 

±10 

AH0145/DG145 

TTL 

.-18. 12 

0.8/1. 1ms 

280 

±7.5 

CD4501 

CMOS 

±7.5 

150/150 ns 

*100 

10 mA 

AM97C11 

CMOS 


1 50/300 ns 

30 

±10 

AH0139/DG139 

TTL 

-18, 12 

0.5/0.9ms 







*150 

5 mA 

AH5012/AM9712 

TTL 


150/300 ns 

80 

±10 

AH0142/DG142 

TTL 

-18. 12 

0.5/0.9/js 







*150 

3 mA 

AM97C12 

CMOS 


150/300 ns 

15 

±7.5 

AH0163/DG163 

TTL 

±15 

0.8/1. 1/is 







*30 

±7.5 

AM 193 

TTL 

±15,5 

180/150 ns 

50 

±7.5 

AH0164/DG164 

TTL 

±15 

0 5/0.9/is 







*75 

±10 

AM 194 

TTL 

±15,5 

300/150 ns 

200-600 

±10 

AH0014 

TTL 

-20, 10. 5 

350/400 ns 








Notes: 

Rqn max @ T A = 25°C 

Va/I = maximum voltage or current to be safely switched 

Part number = basic number/alternate number (i.e. f AM181/DG181 ). May be ordered by either number. 
^Preferred devices 
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and Definition of Terms 
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HYBRID ANALOG SWITCHES 



Style 


DPDT 
DPDT 
Dual DPST 
Dual SPDT 
Dual SPDT 
Dual SPDT 
Dual SPDT 
Dual SPDT 
Dual SPDT 
Dual SPST 
Dual SPST 
Dual SPST 
Dual SPST 
DPDT 
DPDT 
DPDT 
DPDT 
DPDT 
SPDT 
SPDT 
SPDT 
SPDT 
SPDT 
Dual SPST 


Drain-Source 

“On” 

Resistance 

Drain-Gate 

Leakage 

Current 

200 £> 

200 pA 

200 Q 

200 p A 

200 Q 

200 pA 

10Q 

10nA 

15Q 

10nA 

30 Q 

1 nA 

50« 

1 nA 

80 Q 

1 nA 

10Q 

10nA 

15Q 

10 nA 

30 Q 

1 nA 

50 Q 

1 nA 

80 Q 

1 nA 

10Q 

10nA 

15Q 

10nA 

30 Q 

1 nA 

50 Q 

1 nA 

80 Q 

1 nA 

10Q 

10nA 

15Q 

10nA 

30 Q 

1 nA 

50 Q 

1 nA 

80 Q 

1 nA 

100 Q 

InA 



Part Number J 

-55°C to 

r 25 °C to 

125°C 

85 °C 

AH0014 

AH0014C 

AH0015 

AH0015C 

AH0019 

AH0019C 

AH0140 

AH0140C 

AH0153 

AH0153C 

AH0129 

AH0129C 

AH0153 

AH0153C 

AH0126 - 

AH0126C 

AH0141 

AH0141C 

AH0151 

AH0.151C 

A H01 33 

AH0133C 

AH0152 

AH0152C 

AH0134 

AH0134C 

AH0145 

AH0145C 

AH0163 

AH0163C 

AH0139 

AH0139C 

AH0164 

AH0164C 

AH0142 

AH0142C 

AH0146 

AH0146C 

AH0161 

AH0161C 

AH0144 

AH0144C 

AH0162 

* AH0162C 

AH0143 

AH0143C 

AH2114 

AH2114C 




•Refers to Special Functions Databook, 1979 edition 


Definition of Terms 

Driver Leakage Current: The sum of the currents into 
the source and drain switch terminals, with both held 
at the same specified voltage. 


Logic "1" Input Voltage: The voltage level which is 
guaranteed to be interpreted by the device as a logical 
"true" signal. 

Logic "0" Input Voltage: The voltage level which is 
guaranteed to be interpreted by the device as a logical 
"false" signal. 


Logic Input Slew Rate: The voltage difference between 
the logic "1" and logic "0" states divided by the transi- 
tion time. 


Switch Leakage Current: The current seen when a 
specified voltage is applied between drain and source 
of a channel that is logically turned off. 

Switch "ON" Resistance: The equivalent resistance 
from source to drain, tested by forcing a specified 
current and measuring the resultant voltage drop. 

Switch Turn "OFF" Time: The interval between the 
time that the logic input passes through the threshold 
voltage and the time that the output goes to a specified 
voltage level in the test circuit. 

Switch Turn "ON" Time: The interval between the time 
that the logic input passes through the threshold voltage 
and the time that the output goes to 90% of its final 
value in the specified test circuit. : : 
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National 

Semiconductor 


Quad SPST JFET Analog Switches 


Analog Switches 



BI-FET Technology 


LF11331/LF13331 4 Normally Open Switches with Disable 
LF11332/LF13332 4 Normally Closed Switches with Disable 

LF11333/LF13333 2 Normally Closed Switches and 2 Normally Open Switches with Disable 
LF11201/LF13201 4 Normally Closed Switches 
L F1 1 202/ L FI 3202 4 Normally Open Switches 


General Description 

These devices are a monolithic combination of bipolar 4 
and JFET technology producing the industry's first 
one chip quad JFET switch. A unique circuit technique 
is employed to maintain a constant resistance over the 
analog voltage range of ±10V. The input is designed to 
operate from minimum TTL levels, and switch operation 
also ensures a break-before-make action. 

Features 

■ Analog signals are not loaded 

■ Constant “ON" resistance for signals up to ±10V and 
100 kHz 

■ Pin compatible with CMOS switches with the advan- 
. tage of blow out free handling 


■ Small signal analog signals to 50 MHz 

■ Break-before-make action toFF<tON 

■ High open switch isolation at T.O MHz -50 dB 

■ Low leakage in “OFF" state <1.0 nA 

■ TTL, DTL, RTL compatibility 

■ Single disable pin opens all switches in package on 
LF1 1331, LF1 1332, LF1 1333 

■ LF1 1201 is pin compatible with DG201 

These devices operate from ± 15V supplies and swing a 
±10V analog signal. The JFET switches are designed for 
applications where a dc to medium frequency analog 
signal needs to be controlled. 


Connection Diagrams (Dual-In-Line Packages) (All Switches Shown are For Logical “0") 


' LF11331/LF13331 



in 4 d 
1,6 

LF 

& 

bsJ 

1332/LF13 

DISABLE +V CC S 
,4 | 13 | 12 

332 

ii 

3 IN 3 

10 1 9 

1 

< 

f 

u 

n 


J 

1 

1 

> 

IN, D 



2 

1 S 

3 F I s 

1 v„ -V EE s 

2 0 

7 1 

2 IN 2 


LF11333/LF13333 



TOP VIEW 


TOP VIEW 


LF11201/LF 13201 


Order Number LF11201D, 


LF11202/LF 13202 



LF13201D, LF11202D, 
LF13202D, LF11331D, 
LF13331D, LF11332D, 
LF13332D, LF11333D, 
or LF13333D 
See NS Package D16C 


Order Number LF13201N, 
LF13202N, LF13331N, LF13332N, 
or LF13333N 
See NS Package N16A 



Test Circuit and Schematic Diagram 



FIGURE 1. Typical Circuit for One Switch 



FIGURE 2. Schematic Diagram (Normally Open) 
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LF11331, LF11332, LF11333, LF11201, LF11202 Series 



LF11331, LF11332, LF11333, LF11201, LF1 1202 Series 


Absolute Maximum Ratings 


Positive Supply - Negative Supply (V cc - 

- V EE ) 36 V 

Operating Temperature Range 


Reference Voltage 

v EE ^v R <v cc 

LF11201, 2 and LF11331, 2, 3 

~55°C to +125°C 

Logic Input Voltage 

V R -4.0V ^ V, N ^ V R +6.0V 

LF 1 3201, 2 and LF 13331, 2, 3 

0°C to +70°C 

Analog Voltage V EE <, \i fi 

^ V cc +6V; V A ^ V EE +36V 

Storage Temperature 

-65°C to +150°C 

Analog Current 

|I A I< 20 mA 

Lead Temperature (Soldering, 10 seconds) 

300°C 

Power Dissipation (Note 1) 




Molded DIP (N Suffix) 

500 mW 



Cavity DIP (D Suffix) 

900 mW 




Electrical Characteristics (Notes 2, d 


SYMBOL 

PARAMETER 

CONDITIONS 

LF1 1331/2/3 
LF11201/2 

LF13331/2/3 

LF13201/2 

UNITS 


jesm 





Ron 

"ON" Resistance 

V A = 0, l D = 1 mA 

T a = 25° C 


150 

200 

■I 

150 

250 

n 






200 

300 


200 

350 

n 

R on Match 

"ON" Resistance Matching 

' 

T a = 25° C 


5 

20 

m 

to 

50 

n 

' v A 

Analog Range 



±10 

±11 


m 

±1f. 


V 

•s(QN) + 

Leakage Current in "ON" Condition 

Switch "ON," V s = V D = ±10V 

T a = 25° C 


0.3 

5 


0.3 

10 

nA 

•d(ON) 





3 

100 

■ 

3 y 

30 

nA 

•s(OFF) 

Source Current in "OFF" Condition 

Switch "OFF," V s = +10V, 

T a = 25° C 


0.4 

5 

■■ 

> 0.4 

10 

nA 



V D =-10V 



3 

100 

■ 

- 3- 

30 

nA 

•d(OFF) 

Drain Current in "OFF" Condition 

Switch "OF F," V s = +10V, 

T a = 25° C 


0.1 

5 

■v 

.Oil, ■ 

10 

nA 



V D = -10V 



3 

100 


' 3 ' 

30 

nA 

V, NH 

Logical "1" Input Voltage 



2.0 



2.0 



V 

V INL 

Logical "0" Input Voltage 





0.8 



0.8 

V 

*INH 

Logical "1" Input Current 

V,N = 5V 

T a = 25°C 


3.6 

10 


3.6 

40 

1 /iA 







25 



100 

ViA 

•|NL 

Logical "0" Input Current 

V,fc = 0.8 

T a = 25° C 



0.1 



0.1 

ma 







1 



1 

juA 

tON 

Delay Time "ON" 

V s = ± 10V. (Figure 3) 

T a = 25° C 

■ 

500 



500 


ns 

toFF ’ 

Delay Time "OFF" 

V s = ± 10V, (FigureS) 

T a = 25°C 


90 



90 


ns 

toN “ t OFF 

Break-Before-Make 

V s = +10V, (Figure 3) 

T a = 25'C 


80 



80 


ns 

C S(OFF) 

Source Capacitance 

Switch "OFF," V s = ±10V 

T a = 25° C 


4.0 



’ 4.0 


pF 

c D(OFF) 

Drain Capacitance 

Switch "OFF," V D =±10V 

T a = 25°C 


3,0 



3.0 


pF 

Cs(ON) + 

Active Source and Drain Capacitance 

Switch "ON," V s = V D = 0V 

T a = 25°C 


5.0 



5,0 


pF 

C D(ON ) 











•sO(OFF) 

"OFF" Isolation 

(Figure 4). (Note 3) 

T a = 25°C 


"50 . 


■ 

"50 


dB 

CT 

Crosstalk 

(Figure 4), (Note 3) 

T a = 25°C 

■ 

~65 


■ 

-65 


dB 

SR 

Analog Slew Rate 

(Note 4) 

T a = 25° C 


SO 


|| 

50 


V/jus 

•dis 

Disable Current 

(Figure 5 ), (Note 5) 

T a = 25°C 


0.4 

1.0 


0,6 

1.5 

mA 





■ 

0.6 

1.5 

WM 

0.9 

2.3 

mA 

l EE 

Negative Supply Current 

All Switches "OFF," V s = ±10V 

T a = 25° C 

■ 

3.0 



4.3 

7.0 

mA 







B9 


6.0 

10.5 

mA 

•r 

Reference Supply Current 

All Switches "OFF." V s = ±10V 

T a = 25° C 

• r 


4.0. 


2.7 

5.0 

mA 





B 


6.0 

■ 

3.3 

7.5 

mA 

Icc 

Positive Supply Current 

All Switches "OFF," V s = ±J0V 

T a = 25°C 

■ 


6.0 


7.0 

9.0 

mA 





I 

BSB 

9.0 

WM 

9,8 

13.5 

mA 


Note 1: For operating at high temperature the molded DIP products must be derated based on a +100° C maximum junction temperature and a 
thermal resistance of +150° C/W. devices in the cavity DIP are based on a +150°C maximum junction temperature and are derated at+100°C/W. 
Note 2: Unless otherwise specified, VqC = +16V, V^g = -15V, Vp = 0V, and limits apply for-55°C < T/^ < +125°C for the LF1 1331, 2, 3 and 
the LF1 1202, 2, -25° C < T A < +85° C for the LF 13331, 2, 3 and the LF 13201, 2. 

Note 3: These parameters are limited by the pin to pin capacitance of the package. 

Note 4: This is the analog signal slew rate above which the signal is distorted as a result of finite internal slew rates. 

Note 5: All switches in the device are turned "OFF" by saturating a transistor at the disable node as shown in Figure 5. The delay times will be 
approximately equal to the tQN ° r tQpp.plus.the delay introduced by the external transistor. 

Note 6: This graph indicates the analog current at which 1% of the analog current is lost when the drain is positive with respect to the source. 







































LF11331, LF11332, LF11333, LF11201, LF11202 Series 







LF11331, LF11332, LF11333, LF11201, LF11202 Series 


Typical Performance Characteristics 


"ON" Resistance 


"ON" Resistance 


"ON" Resistance 



-10 -6.0 -2.0 2.0 6.0 10 
V A (VOLTS) 


+V CC = 15V 
j-V EE =-15V 
1 l A = 0.1 mA 
Va=0! I 


-50 0 50 100 150 

TEMPERATURE (C) 





z 











V cc = 15V 

V EE = -15V . 




v A -0 




I 1 



Break-Before-Make Action 

+ Vcc = 15vj -V EE = -15V 
. TIME MEASURED FROM 

—5 ^ — 50% INPUT PULSE TO 90% . 
^ Sw.OF OUTPUT PULSE 


4.0 2.0 0 2.0 4.0 6.0 

ANALOG CURRENT (mA) 


-10 -6.0 -2.0 2.0 6.0 10 
V A (VOLTS) 


Switching Times 

1200 1 

V CC = 15V 

1000 - V EE = -15V 


Crosstalk and "OFF" Isolation 
vs Frequency Using Test Circuit 

of Figure 5 


Tioni. V A = +10V 2 

.W,.v A -+ioy < 

JJL T (OFF) .v A =-ioy * 


0 50 100 150 

TEMPERATURE ( 0) 



Supply Current 


V A = V EE + 5.0V 

ALL SWITCHES OFF 








POSITIVE (l c 

:) 

i 



NEGATIVE (l EE ) 

!— \— 



REFERENCE 

1 1 

Ir) 





Supply Current 

10 1 1 

V cc ■ 15V 
V EE = -15V I 

-- 8.0 -ALL SWITCHES OFF - 


0 5.0 10 15 20 25 

SUPPLY VOLTAGE (< V) 


POSITIVE (Ice) 
NEGATIVE <I EE ) 


-100 50 0 50 100 150 

TEMPERATURE f C) 


Supply Current 

lllllll Ilf^riviSS 


Switch Leakage Currents 

V cc = 15V, V EE =-15V 
OFF LEAKAGE CONDITIONS - 
V s = +10V, V D = -10V , r 

ON LEAKAGE CONDITIONS M =§ 
V s = V 0 = +10V — 

I S^S ^gJsiOFF) IptQFfl b 

— Isioni + Id (on) jr 


Switch Leakage Current 

Vcc = isv i r 

V ee =-15V. I 

POSITIVE CURRENT 
DEFINED INTO NODEy 


Switch Capacitances 


0 10 100 1.0k 10k 100k 1.0M -100 50 


-10 -6.0 2.0 2.0 6.0 10 
V A (VOLTS) 


-10 -6.0 -2.0 2.0 
V A (VOLTS) 


Slew Rate of Analog Voltage 
Above Which Signal Loading 
Occurs 



Small Signal Response 


Maximum Accurate Analog 
Current vs Temperature 


> 



NOTE 6 
















k_ 







Logical "1" Input Bias Current 


\ 


- 

— 

Vcc = 
V EE = 

15V 

-15V 


y 


V,N = 
Vr = 

+5.0V 

BV 


\ 








— 







50 0 50 100 150 

TEMPERATURE ( C) 


10DM -100 50 0 . 50 100 150 -100 50 0 50 100 150 

TEMPERATURE <"C) TEMPERATURE (°C) 




Application Hints 

GENERAL INFORMATION 

These devices are monolithic quad JFET analog switches 
with "ON" resistances which are essentially independent 
of analog voltage or analog current. The leakage currents 
are typically less than 1 nA at 25°C in both the "OFF" 
and "ON" switch states and introduce negligible errors 
in most applications. Each switch is controlled by mini- 
mum TTL logic levels at its input and is designed to turn 
"OFF" faster than it will turn "ON." This prevents two 
analog sources from being transiently connected together 
during switching. The switches were designed for appli- 
cations which require break-before-make action, no 
analog current loss, medium speed switching times and 
moderate analog currents. 

Because these analog switches are JFET rather than 
CMOS , they do not require special handling. 

LOGIC INPUTS 

The logic input (IN), of each switch, is referenced to two 
forward diode drops (1.4V at 25°C) from the reference 
supply (V R ) which makes it compatible with DTL, RTL, 
and TTL logic families. For normal operation, the logic 
"0" voltage can range from 0.8V to -4.0V with respect 
to V R and the logic "1" voltage can range from 2.0V to 
6.0V with respect to V R , provided V iN is not greater 
than (V cc - 2.5V). If the input voltage is greater than 
(V C c — 2.5V), the input current will increase. If, the 
input voltage exceeds 6.0V or -4.0V with respect, to 
V R , a resistor in series with the input should be used to 
limit the input current to less than 100//A. 

ANALOG VOLTAGE AND CURRENT 
Analog Voltage 

Each switch has a constant "ON" resistance (Ron) for 
analog voltages from (V EE + 5V) to (V CC ~5V). For 
analog voltages greater than (V CC ~5V), the switch will 
remain ON independent of the logic input voltage. For 
analog voltages less than ( V EE + 5V), the ON resistance 
of the switch will increase. Although the switch will not 
operate normally when the analog voltage is out of the 
previously mentioned range, the source voltage can go to 
either (V EE + 36V) or (V cc + 6V), whichever is more 
positive, and can go as negative as V EE without destruc- 
tion. The drain (D) voltage can also, go to either 
( V EE + 36V) or (V cc + 6V), whichever is more posi- 
tive, and can go as negative as (V cc - 36V) without 
destruction. 

Analog Current 

With the source (S) positive with respect to the drain 
(D), the Rqn ' s constant for low analog currents, but 
will increase at higher currents (>5 mA) when the FET 
enters the saturation region. However, if the drain is 
positive with respect to the source and a small analog 
current loss at high analog currents (Note 6) is tolerable, 
a low R on can be maintained for analog currents greater 
than 5 mA at 25° C. 


LEAKAGE CURRENTS 

The drain and source leakage currents, in both the ON 
and the OFF states of each switch, are typically less than 
1 nA at 25° C and less than 100 nA at 125°C. As shown 
in the typical curves, these leakage currents are depend- 
ent on power supply voltages, analog voltage, analog cur- 
rent and the source to drain voltage. 

DELAYTIMES 

The delay time OFF Uoff) ' s essentially independent of 
both the analog voltage and temperature. The delay time 
ON (t 0 N) will decrease as either (V CC -V A ) decreases 
or the temperature decreases. 

POWER SUPPLIES 

The voltage between the positive supply (V cc ) and 
either the negative supply (V EE ) or the reference supply 
( V R ) can be as much as 36V. To accommodate varia- 
tions in input logic reference voltages, V R can range 
from V EE to (V cc — 4.5V). Care should be taken to 
ensure that the power supply leads for the device never 
become reversed in polarity or that the device is never 
inadvertantly installed backwards in a test socket. If one 
of these conditions occurs, the supplies would zener an 
interal diode to an unlimited current; and result in a 
destroyed device. 

SWITCHING TRANSIENTS 

When a switch is turned OFF or ON, transients will 
appear at the load due to the internal transient voltage at 
the gate of the switch JFET being coupled to the drain 
and source by the junction capacitances of the JFET. 
The magnitude of these transients is dependent on the 
load. A lower value R L produces a lower transient volt- 
age. A negative transient occurs during the delay time 
ON, while a positive transient occurs during the delay 
time OFF. these transients are relatively small when 
compared to faster switch families. 

DISABLE NODE 

This node can be used, as shown in Figure 5, to turn all 
the switches. in the unit off independent of logic inputs. 
Normally, the node floats freely at an internal diode 
drop (^ 0.7V) above V R . When the external transistor in 
Figure 5 is saturated, the node is pulled very close to V R 
and the unit is disabled. Typically, the current from the 
node will be less than 1 mA. This feature is not availa- 
ble on the LF11201 or LF1 1202 series. 

+ V CC 
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LF11331, LF11332, LF11333, LF11201, LF11202 Series 











Typical Applications (Continued) 



8-Channel Analog Commutator with 6 Channel Select Logic 
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LF11331, LF11332, LF11333, LF11201, LF1 1202 Series 
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LF11331, LF11332, LF11333, LF11201, LF1 1202 Series 











National Analog Switches 

Semiconductor 


LF11508/LF13508 8-Channel Analog Multiplexer 
LF11509/LF13509 4-Channel Differential Analog Multiplexer 




General Description 

The LF1 1508/LF 13508 is an 8-channel analog multi- 
plexer which connects the output to 1 of the 8 analog 
inputs depending on the state of a 3-bit binary address. 
An enable control allows disconnecting the output, 
thereby providing a package select function. 

This device is fabricated with National's BI-FET tech- 
nology which provides ion-implanted JFETs for the 
analog switch on the same chip as the bipolar decode 
and switch drive circuitry. This technology makes 
possible low constant "ON" resistance with analog 
input voltage variations. This device does not suffer 
from latch-up problems or static charge blow-out 
problems associated with similar CMOS parts. The 
digital inputs are designed to operate from both TTL 
and CMOS levels while always providing a definite 
break-before-make action. 

The LF1 1509/LF13509 is a 4-channel differential analog 
multiplexer. A 2-bit binary address will connect a pair 


of independent analog inputs to one of any 4 pairs of 
independent analog outputs. The device has all the 
features of the LF 11508 series and should be used 
whenever differential analog inputs are required. 

Features 

■ JFET switches rather than CMOS 

■ No static discharge blow-out problem 

■ No SCR latch-up problems 

■ Analog signal range 1 1 V, —1 5V 

■ Constant "ON" resistance for analog signals between 
-11V and 11V 

■ "ON" resistance 380 typ 

■ Digital inputs compatible with TTL and CMOS 

■ Output enable control 

■ Break-before-make action: tOFF = 0.2 jus; tON = 
2 [is typ 

■ Lower leakage devices available 



F11508/LF13508, LF11509/LF13509 




LF11508/LF13508, LF11509/LF13509 


Absolute Maximum Ratings 



L F1 1508, 

LF13508, 


LF11509 

LF13509 

Positive Supply — Negative Supply (Vcc — V EE) 

36V 

36V 

Positive Analog Input Voltage (Note 1) 

V CC 

Vcc 

Negative Analog Input Voltage (Note 1) 

-Vee 

1 

< 

m 

m 

Positive Digital Input Voltage 

Vcc 

v cc 

Negative Digital Input Voltage 

— 5V 

— 5V 

Analog Switch Current 

|I S I< 10 mA 

HsKIOmA 

Power Dissipation (Pq at 25° C) and Thermal 



Resistance (0j A ), (Note 2) 



. Molded DIP (N) P D 

- ■ ■ 

500 mW 

0j A 

■ ' '• 

1 50° C/W 

Cavity DIP (D) Pq- 

900 mW 

900 mW 

0 jA 

• 100°C/W 

100° C/W 

Maximum Junction Temperature (Tjmax) 

* 150°C 

100°C 

Operating Temperature Range 

-55°C < T/\ < +125°C 

0°C<T A <+70°C 

Storage Temperature Range 

-65° C to +1 50° C 

-65° C to +150°C 

Lead Temperature (Soldering, 60 seconds) 

. 300° C 

300° C 


Electrical Characteristics (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LF11508, L F1 1509 

LF 13508, LF 13509 

UNITS 



U33I 


u 


Ron 

"ON” Resistance 

VOUT = 0V, Is = lOOjuA 

T A = 25° C 


1031 

BBW! 




n 




BH 



bbb 

n 

ar 0 n 

ARoN with Analog Voltage 
Swing 

-10V < VouT<+10V, ls> 1,00 M A 

Ta - 25° C 

. 


i 




% ■ 

RON Match 

RON Match Between Switches 

VouT=0V,I S =100mA 

T A = 25°C 







n 

IS(OFF) 

Source Current in "OFF" 

Condition 

Switch "OFF", Vs= 11. Vd = -11, 
(Note 4) 

T A = 25°C 



i 



5 

nA 



10 

50 


WilBl 

50 

nA 

'D(OFF) 

Drain Current in, "OFF" 

Condition 

Switch "OFF", V$r 11, Vq = — 11, 
(Note 4) 

T A = 25°C 







nA 



mm 

BUR 


itl 

B3S 

nA 

'D(ON) 

Leakage Current in "ON" 

Condition 

Switch "ON" Vo=;i IV, (Note 4) . 

T A = 25° C 



10 



B 

nA 




bsh 


1 


nA 

VlNH 

Digital "1” Input Voltage 






E31 



V 

V|NL 

Digital "0" Input Voltage 





B 



mm 

V 

•|NL 

Digital "0" Input Current 

V|N = 0.7V 

T A = 25° C 


1.5 

[BB 


mm 

H 

ma 




40 



EH 

ma. 

•INL(EN) 

Digital "0" Enable Current 

V E N = 0.7V 

T A = 25°C 


mm 



1.2 

bib 

m a 




mm 



40 

ma 

tTRAN 

Switching Time of Multiplexer 

(Figure 1), (Note 5) 

Ta = 25° C 



3 


1.8 


MS 

tOPEN 

Break-Before-Make 

(Figure 3) 

T A = 25° C 


■El 



mm 


jus 

tON(EN) 

Enable Delay "ON" 

(Figure 2) 

T A = 25° C 


mm 



m 


MS 

tOFF(EN) 

Enable Delay "OFF" 

(Figure 2) 

T A = 25°C 





BEB1 


MS 

'SO(OFF) 

"OFF" Isolation 

(Note 6) 

Ta = 25°C 


B 



B 


dB 

CT 

Crosstalk ' 

LF 11 509 Series, (Note 6) 

Ta ='25°C 


E91 



BB 


dB 

CS(OFF) 

Source Capacitance ("OFF") 

Switch "OFF", VoUT = 0V, 

v$ = ov * 

Ta = 25° C 


2.2 



2.2 


pF 

CD(OlfF) 

Drain Capacitance ("OFF") 

Switch "OFF", VoUT ~ 0V, 

v s = ov ’ •’ 

T A = 25°C 


1 1.4 



11.4 


PF 

icc 

Positive Supply Current 

All Digital Inputs Grounded 

T A = 25° C 


7.4 

10 


. 7.4 

12 

mA 



9.2 

13 


7.9 

15 

mA 

lEE 

Negative Supply Current 

All Digital Inputs Grounded . 

Ta = 25° C 


2.7 

4.5 


2.7 

5 

mA 



2.9 

5.5 


2.8 

6 

mA 
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Notes 


Note 1: If the analog input voltage exceeds this limit, the input current should be limited to less than 10 mA. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tj|\/|/\x# d \/K> and the 
ambient temperature, T/^. The maximum available power dissipation at any temperature is Pq= (Tjmax — T /^)/0 j/\ or the 25° C PdMAX* which- 
ever is- less. 

Note 3: These specifications apply for Vg = ±15V and over the absolute maximum operating temperature range (T \_ < T/\ < T|_|) unless otherwise 
noted. 

Note 4: Conditions applied to leakage tests insure worse case leakages. Exceeding 11V on the analog input may cause an "OFF” channel to 
turn "ON". 

Note 5: Lots are sample tested to this parameter. The measurement conditions of Figure 1 insure worse case transition time. 

Note 6: "OFF" isolation is measured with all switches "OFF" and driving a source. Crosstalk is measured with a pair of switches "ON", driving 
channel A and measuring channel B. Rl = 200, Cl = 7 pF, Vg = 3 Vrms, f = 500 kHz. 


Connection Diagrams 


LF1 1508/LF13508 
Dual-In-Line Package 


A1 A2 GND V CC S5 S6 S7 S8 



Order Number LF11508D or LF13508D 
See NS Package D16C 
Order Number LF13508N 
See NS Package N16A 


LF1 1509/LF13509 
Dual-In-Line Package 



Order Number LF11509D or LF13509D 
See NS Package D16C . 

Order Number LF13509N 
See NS Package N16A 


AC Test Circuits and Switching Time Waveforms 



15V 



V S 1 




H 


0.8 V S8 


- l TRAN 


FIGURE 1. Transition Time 
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LF11508/LF13508, LF11509/LF13509 




AC Test Circuit and Switching Time Waveforms (Continued) 
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FIGURE 2. Enable Times 
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FIGURE 3. Break-Before-Make 


Transition Times and Transients 
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Typical Performance Characteristics 


"ON" Resistance 


f-Vcc = 15V - 
r,n LVEE = -15V_ 
l A = 0 
Ta = 25° C 


mm 

■1 

L¥9 

■1 

mssi 

■B 

91 



■I 



m 


"ON" Resistance 


_ lA = IOOjuA _ 
V CC =15V 
-V EE = -J5V- 


"ON" Resistance 



10 -8 -6 -4 -2 0 2 4 6 8 10 

-55 -35 -15 5 25 45 65 85 105 125 

-2-1 0 1 

ANALOG INPUT VOLTAGE (V) 

' TEMPERATURE ( J C) 

ANALOG INPUT CURRENT (mA) 

Switch Leakage 

Switch Leakage 

Switch Leakage 

Currents 

Currents 

Currents 



5 35 65 95 125 

TEMPERATURE (°C) 


-55 -25 5 35 65 95 125 

TEMPERATURE (°C) 


12-10-8-6-4 -2 0 2 4 6 8 10 12 
ANALOG VOLTAGE (V) 
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Application Hints 

The LF11508 series is an 8-channel analog multiplexer 
which allows the connection of a single load to 1 of 8 
different analog inputs. These multiplexers incorporate 
JFETs in a switch configuration which insures a constant 
"ON" resistance over the analog voltage range of the 
device. Four TTL compatible inputs are provided; a 
3-bit binary decode to select a particular channel and an 
enable input used as a package select. The switches 
operate with a break-before-make action preventing the 
temporary connection of 2 analog inputs during 
switching. Because these multiplexers are fabricated with 
the BI-FET process rather than CMOS, they do not 
require special handling. 

The LF 11509 series is a 4-channel differential multi- 
plexer which allows two loads to be connected to 1 of 
4 different pairs of analog inputs. The LF 11509 series 
also has all the features of the LF1 1508. 

ANALOG VOLTAGE AND CURRENT 

The "ON" resistance, Ron* of the analog switches is 
constant over a wide input range from positive (Vcc) 
supply to negative (—Vee) supply. 

The analog input should not exceed either positive or 
negative supply without limiting the current to less 
than 10 mA; otherwise the multiplexer may get damaged. 
For proper operation, however, the positive analog 
voltage should be kept equal to or less than Vqc ~ 4V 
as this will increase the switch leakage in both "ON" 
and "OFF" state and it may also cause a false turn "ON" 
of a normally "OFF" switch. This limit applies over the 
full temperature range. 

The maximum allowable switch "ON" voltage (the drop 
across the switch in the "ON" condition) is ±0.4V over 
temperature. If this number is to exceed the input 
current should be limited to 10 mA. 

The "ON" resistance of the multiplexing switches 
, varies slightly with analog current because they are 
JFETs running at 0V gate to source. The JFET charac- 
, teristics shown in Figure 4 indicates how Ron tends 
to vary with current. A Ibwer Ron ' s possible when 
the source voltage is negative with respect to the drain 
voltage because the JFET becomes enhanced. Caution 
should be used when operating in this mode as this 
may forward-bias an internal transistor and cause high 
currents to flow in the switches. Thus, the drain voltage 
should never be greater than 0.4V positive with respect 



- 2-10 1 2 


to the source voltage without limiting the drain current 
to less than 10 mA. 

LEAKAGE CURRENTS 

Leakage currents will remain within the specified value 
as long as the drain and source remain within the speci- 
fied analog voltage range. As the switch terminals exceed 
the positive analog voltage range "ON" and "OFF" 
leakage currents increase. The "ON" leakage increases 
due to an internal clamp required by the switch struc- 
ture. The "OFF" leakage increases because the gate to 
source reverse bias has been decreased to the point 
where the switch becomes active. Leakage currents vary 
slightly with analog voltage and will approximately 
double for every 10°C rise in temperature. 

SWITCHING TIMES AND TRANSIENTS 

These multiplexers operate with a break-before-make 
switch action. The turn off time is much faster than 
the turn on time to guarantee this feature over the full 
range of analog input voltage and temperature. Switching 
transients are introduced when a switch is turned "OFF". 
The amplitude of these transients may be reduced by 
increasing the load capacitance or decreasing the load 
resistance. The actual charge transfer in the transient 
may be reduced by operating on reduced power sup- 
plies. Examples of switching times and transients are 
shown in the typical characteristic curves. The enable 
function switching times are specified separately from 
switch-to-switch transition times and may be thought 
of as package-to-package transition times. 

LOGIC INPUTS AND ENABLE INPUT 

Switch selection in the LF 11508 series is accomplished 
by using a 3-bit binary decode while the LF1 1509 series 
uses a 2-bit decode. These binary logic inputs are compa- 
tible with both TTL and CMOS logic voltage levels. 
The maximum positive voltage applied to these, inputs 
may exceed Vcc but should not exceed — Vee + 36V. 
The maximum negative voltage should not be less than 
4V below ground as this will cause an internal device to 
zener and all the switches will turn "ON". 

As shown in the schematic diagram, the logic low bias 
current will flow until the PNP input is raised above the 
3 diode reference (« 2.1V). Above this voltage the input 
device becomes reverse biased and the input current 
drops to the leakage of the reverse biased junction 
(< 0.1 /iA). 



-2 -10 1 2 
v S d ( v ) 


V SD (V) 


FIGURE 4. JFET Characteristics 
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Typical Applications 

A SIMPLIFIED SYSTEM DISCUSSION 


DATA ACQUISITION SYSTEM 


TABLE I. 


Analog multiplexers (MUX) are usually used for multi- 
channel Data Acquisition Units (DAU). Figure 5 shows a 
system in which 8 different analog inputs are sampled 
and converted into digital words for further processing. 
The sample and hold circuit is optional, depending on 
input speed requirements and on A/D converter speed. 

Parameters characterizing the system are: 

System Channels: The number of multiplexer channels. 
Accuracy: The conversion accuracy of each individual 
sample with the system operating at the throughput rate. 
Speed or Throughput Rate: Number of samples/second/ 
channel the system can handle. 

For a discussion on system structure, addressing mode 
and processor interfacing, see application note AN-159. 

A. ACCURACY CONSIDERATIONS 

1. Multiplexer's Influence on System Accuracy (Fig- 
ure 6). 

a. The error, (E), caused by the finite "ON" resis- 
tance, RON* °f the multiplexing switches 
is given by: 

100 

E(%) = where: 

i + Rin/(Ron + Rs + ar 0 n) 

R|[\l = following stage input impedance 
ARON = "ON" resistance modulation which is 
negligible for JFET switches like the LF11508 


ERROR % 

BITS 

t s (ON) 

TO 1/2 LSB 

0.2 

8 

6.2t 

0.05 

10 

7.6t 

0.01 

12 

9t 

0.0008 

16 

11. 8t 


t = Cs (Ron + RshiRiN 


t s (OFF) : ,s the time it takes to discharge Cs 
within a tolerable error. The "OFF" settling time 
should be taken into account for bipolar inputs 
where its effects will appear as a worse case 
doubling of the t s (ON)- 

2. Sample and Hold Influence on System Accuracy 

The sample and hold, if used, also introduces 
errors into the system accuracy due to: 

• Offset voltage of sample and hold 
® Droop rate in the Hold mode 

• T/\: Aperture time or time delay between the 
time of a digital Hold command and the actual 
Hold occurance 

• Taq: Acquisition time or time it takes to 
acquire an analog input and settle within a pre- 
determined error band 

• Hold step: Error created during the Sample to 
Hold mode caused by an undesirable charge 
injected into the Hold capacitor Cf> 


Example: Let Ron = 450 Q, ARon = 0, Rs = 0, 
Ta = 25°C and allowable E = 0.01% which is 
equivalent to 1/2 LSB in a 12-bit system: 


For more details on sample and hold errors, see 
the LF198/LF298/LF398 data sheet. 


R|N | ^ RONI100-E) 

I min g 

Note that if temperature effects are included, 
some gain (or full scale) drift will occur; but 
effects on linearity are small. 

b. Multiplexer settling time (t s ): 

ts(ON) : > s the time required for the MUX output 
to settle within a predetermined accuracy, as 
shown in Table I. 


3. A/D Converter Influence on System Accuracy 
The "accuracy" of the A/D converter is the best 
possible system accuracy. In most data acquisi- 
tion systems, the A/D converter is the most expen- 
sive single component, so its error will often 
dominate system error. Care should be taken that 
MUX, S/H and input source errors do not exceed 
system error requirements when added to A/D 
errors. For instance, if an 8-bit accuracy system 
is desired and an 8-bit A/D converter is used, the 
accuracy of the MUX and S/H should be far 
better than 8 bits. 


Cs (Figure 6): MUX output capacitance + fol- 
lowing stage input capacitance + any stray capaci- For details on A/D converter specifications, see 

tance at thismode. AN-156. 



In BITS WORD 


► CONVERSION COMPLETE 


FIGURE 5. Random-Addressed, Multiplexed DAU 
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Typical Applications (Continued) 

B. SPEED CONSIDERATIONS 

In the system of Figure 5 with the S/H omitted, if n-bit 
accuracy is desired, the change of the analog input 
voltage should be less than ±1/2 LSB over the A/D con- 
version time Tq- In other words, the analog input slew 
rate, (rate of change of input voltage), will cause a slew- 
induced error and its magnitude, with respect to the total 
system error, will depend on the particular application. 


AV|N 

At 


< 

max 


±1/2 LSB _ V F S 
Tq ~ 2 n x T C 


where Vfs is the full scale voltage of the A/D. Note that 
slew induced errors are not affected by the MUX switch 
time since we can let the unit settle before starting 
conversion. 


Example: Let Tq = 40 jus (MM4357), V FS = 10V and 
n = 8. 


AV|N 

At 


max 


1 mV 

< 

/is 


which is a very small number. A 10 Vp-p sine wave of 
a frequency greater than 32 Hz will have higher slew 
rate than this. The maximum throughput rate of the 
above 8-channel system would be calculated using 
both the A/D conversion time and the sum of MUX 
switch "ON" time and settling time, i.e.: 


Th * R i may = = 3k samples/sec/ 

,max 8(Tc + TMUX) channel 

TMUX = TON+Ts(ON) 

Also notice that Nyquist sampling criteria would 
allow each channel to have a signal bandwidth of 
1.5 kl^z max, while the slew limit dictates a maxi- 
mum frequency of 32 Hz. If the input signal has a 
peak-to-peak voltage less than 10V, the allowable 
maximum input frequency can be calculated by: 


fMAX = 


(Slew Rate)max 
1 T Vp-p 


On the other hand, if the input voltage is not band- 
limited a low pass filter with an attenuation of 30 dB or 
better at 1.5 kHz, should be connected in front of 
the MUX. 


where T/\ is the aperture time of the S/H. This 
represents an input slew rate improvement by a 
factor: Tc/Ta- Here again, the slew rate error is 
not affected by the acquisition time of the Sample 
and Hold since conversion will start after the S/H 
has settled. An important thing to notice is that 
the sample and hold errors will add to the total 
system error budget; therefore , the inequality of 
the AVffy/At expression should become more 
stringent. 

Example: Tc = 40 jus,Ta=0-5 jus, n = 8: Tc/Ta = 80 

So the use of a S/H allows a speed improvement 
by nearly two orders of magnitude. 

The maximum throughput rate can be calculated by: 


Th. RI = \ 

' max 8 (Ta + Taq+ Tq) 


Notice th’at Tjynjx does not affect the AV||\|/At 
expression nor the throughput rate of the system since 
it may be switched and settled while the Sample and 
Hold is in the Hold mode. This is true, provided that: 

Tmux<t a + t c . 


C. SYSTEM EXAMPLE (Figure 7) 

The LF398 S/H with a 1000 pF hold capacitor, has an 
acquisition time of 4 jus to 0.1% (1/4 LSB error for 8 
bits) and an aperture time of less than 200 jus- On the 
other hand, after the hold command, the output will 
settle to ±0.05 mV in 1 jus. This, together with the 
acquisition time, introduces approximately a ±1/4 LSB 
error. Allowing another 1/4 LSB error for hold step 
and gain non-linearity, the maximum slew error (AV| j\|/ 
At) should not exceed 1/4 LSB or: 


AV|N 1 x _L x J_ 
At “ 4 X 256 X Ta 


5 mV/jus 


(which is the maximum slew rate of a 5 V peak sine 
wave. Also notice that, due to the above input slew 
restrictions, the analog delay caused by the finite BW of 
the S/H and the digital, delay caused by the response 
time of the controller will be negligible. The maximum 
throughput rate of the system is: 


1. Improving System Speed with a Sample and Hold 

The system speed can be improved by using the 
S/H shown in Figure 5. This allows a much greater 
rate of change of V|(\j. 


AV|N 

At 


< 

max 


VFS 
2 n x T A 


Th. R 

max 


1 

8 (5 + 40) 10~ 6 


= 2800 samples/sec/ 
ch. 


If the system speed requirements are relaxed, but the 
A/D converter is still too slow, then an inexpensive S/H 
can be built by using just a capacitor and a low cost 
FET input op amp as shown in Figure 8. 
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Typical Applications (Continued) 

D. DOUBLING THE SYSTEM CHANNEL CAPABILITY 

This is done in two different ways. First, we can use 
second level multiplexing with speed benefits, as shown 
in Figure 9. A fast 2-channel multiplexer, made by the 
dual analog switch AM 182, accepts the outputs of each 
8-channel MUX, LF13508, and then feeds them sequen- 
tially into an 8-bit successive approximation A/D conver- 
ter. With this technique, the throughput rate of the 
system can again be made independent of the the 
LF13508 speed. Looking at the timing diagram, when 
the A/D converter converts the analog value of an 
upp'er multiplexer channel, we switch channels in the 
lower multiplexer for the next conversion. This can be 
done provided that: 

tmux<t c + i CP 

The LF356 connected as unity gain buffers are used 
because of the low input impedance of the A/D; they 
are connected between multiplexers for speed optimi- 
zation; With a maximum clock frequency of 4.5 MHz: 

10 6 

Th. R = = 31.25k samples/sec/channel 

16x2 

and 

io r 

< x = 19.5 mV/jUs for IOVfs 


AVlN 

At 


An alternate way to increase the system channel is 
shown in Figure 10, where the enable pins are used to 
disable one MUX while the other is sampling. With this 
method, many 8-channel multiplexers can be connected, 
but the parasitic capacitance at the common output 
node will keep increasing and will eventually degrade 
the settling time, t s (ON)- Also, the MUX speed will now 
affect the system throughput. If, for instance, this 
method was used instead of second level multiplexing, 
the system of Figure 9 will- lose half of its speed. If, 
however, speed is not the prime system requirement, 
the approach of Figure 10 is more cost effective. 

E. DIFFERENTIAL INPUT SYSTEMS 
Systems operating in industrial environments may 
require an instrumentation amplifier to. separate the 
desired analog signal from any common-mode signal 
present. The LF1 1509 was designed to provide 4 pairs of 
differential input signals to the input of an instrumenta- 
tion amplifier for further process. A 4-channel precondi- 
tioning circuit is shown in Figure 11 and a complete 
system is shown in Figure 12. 


15 V -15V 



CHANNEL SELECT 


• The acquisition time, T A , of the Sample and Hold depends upon: Ron» IdSS of switches, ZquT °f switches 

• IDSS =1-5 mA, ZouT = 40 k£2 

• ' V| N = 10V, C h = 1000 pF, T A = 20 jus to 0.1% 

• Error created by charge injection during Hold mode: AV^ — 10 pF (14.5V— V||\j)/Ch 


FIGURE 8. Inexpensive Sample and Hold 
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Typical Applications (Continued) 



FIGURE 10. A 16-Channel Multiplexer with Sequential Multiplexing 



| 15 Wio 
• -15V 0—1 i 

I 1M> 



Differential multiplexer disabled during auto zeroing 

Minimum zeroing pulse width will depend upon the integrator R1C 

This scheme provides input offset adjust especially useful with high gain connections. The device, LF352, 
provides pins for output offset adjust. For more details, see LF352 data sheet. 

FIGURE 11. 4-Channel Differential Multiplexer with Auto Zeroed Instrumentation Amplifier 




Typical Applications (Continued) 



• f CLOCK max = 200 kHz 

• The LF352 instrumentation amplifier is auto zeroed during offset correctidn cycle of the LF13300 A/D 

• The system accuracy will mostly depend on the instrumentation amplifier gain linearity 

FIGURE 12a. 4-Channel Differential Multiplexer with Auto Zeroed Instrumentation Amplifier and 12-Bit A/D Converter 


PD: Polarity Detection 

OC: Offset Correction 

RR: Ramp Reference 

For more details, see LF13300 data sheet 


FIGURE 12b. System Timing Diagram for Differential MUX 
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Note. For additional information on sample and hold, see National Semiconductor’s Special Functions 
Databook. 




Each of these circuits includes input and output buffer amplifiers and analog switches for a complete sample and hold function. 







i Part Number j 

★ 

Features 

Accuracy 

(Max) 

Drift Rate 
(T a = 25°C) 

Acquisition 

Time 

Aperture 

Time 

-55°C to 
125°C 

-25°C to 

85 °C 

Page 

Number 

Monolithic 


30 mV/s 
(Note 1) 

4ps 

(Note 1) 

20mS 

(Note 2) 

25 ns 

LF198 

LF298 

7-1 

Low Drift 

±0.01% 

±0.02% 



150ns 


LH0023CG 

4-4 

Medium Speed 

±0.1% 

±0.3% 



20 ns 


LH0043CG 

4-4 

High Speed 

±0.2% 

±0.3% 

30mV/s 
(Note 1) 

5ms 

(Note 1) 

25 ns 

LH0053G 

LH0053CG 

4-12 


Note 1: C s = lOOOpF. 
Note 2: C s = 0.01mF. 


•Refers to Special Functions Databook, 1979 edition 
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Definition of Terms 




National 

Semiconductor 


Sample and Hold 


Definition of Terms 

Acquisition Time: The time required to acquire a new 
analog input voltage with an output step of 10V. Note 
that acquisition time is not just the time required for 
the output to settle, but also includes the time required 
for all internal nodes to settle so that the output assumes 
the proper value when switched to the hold mode. 

Aperture Time: The delay required between "Hold" 
command and an input analog transition, so that the 
transition does not affect the held output. 

Dynamic Sampling Error: The error introduced into the 
held output due to a changing analog input at the time 
the hold command is given. Error is expressed in mV 
with a given hold capacitor value and input slew rate. 
Note that this error term occurs even for long sample 
times. 


Gain Error: The ratio of output voltage swing to input 
voltage swing in the sample mode expressed as a percent 
difference. 

Hold Settling Time: The time required for the output 
to settle within 1 mV of final value after the "hold" 
logic command. 

Hold Step: The voltage step at the output of the sample 
and hold when switching from sample mode to hold 
mode with a steady <dc) analog input voltage. Logic 
swing is 5V. 
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Monolithic Sample and Hold Circuits 


Sample and Hold 


General Description 

The LF198/LF298/LF398 are monolithic sample and 
hold circuits which utilize BI-FET technology to obtain 
ultra-high dc accuracy with fast acquisition of signal and 
low droop rate. Operating as a unity gain follower, dc 
gain accuracy is 0.002% typical and acquisition time is 
as low as 6/is to 0.01%. A bipolar input stage is used to 
achieve low offset voltage and wide bandwidth. Input 
offset adjust is accomplished with a single pin and does 
not degrade input offset drift. The wide bandwidth 
allows the LF198 to be included inside the feedback 
loop of 1 MHz op amps without having stability 
problems. Input impedance of 10 10 n allows high 
source impedances to be used without degrading 
accuracy. 

P-channel junction FET's are combined with bipolar 
devices in the output amplifier to give droop rates as 
low as 5 mV/min with a 1//F hold capacitor. The JFET's 
have much lower noise than MOS devices used in pre- 
vious designs and do not exhibit high temperature 
instabilities. The overall design guarantees no feed- 
through from input to output in the hold mode even 
for input signals equal to the supply voltages. 


Functional Diagram OFFSET 


Features 

■ Operates from ±5V to ±18V supplies 

■ Less than 1 0^ts acquisition time 

■ TTL, PMOS, CMOS compatible logic input 

■ 0.5 mV typical hold step at Cfo = 0.01/iF 

■ Low input offset 

■ 0.002% gain accuracy 

■ Low output noise in hold mode 

■ Input characteristics do not change during hold mode 

■ High supply rejection ratio in sample or hold 

■ Wide bandwidth 

Logic inputs on the LF198 are fully differential with 
low input current, allowing direct connection to TTL, 
PMOS, and CMOS. Differential threshold is 1.4V. The 
LF198 will operate from ±5V to ±18V supplies. It is 
available in an 8-lead TO-5 package. 

An “A" version is available with tightened electrical 
specifications. 



■- -VW ■ — — 

j— L-, * L 


- 1 ^ 

■ Ai 



logic - T 

REFERENCE 


Typjcal Applications 


HOLD 

CAPACITOR 


Typical Connection 

V + 


ANALOG INPUT oh LFI98 >—0 OUTPUT 


Acquisition Time 


1000 

0.001 0.01 

HOLD CAPACITOR (uF) 
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Absolute Maximum Ratings 








Supply Voltage 

±18V 

Input Voltage 


Equal to Supply Voltage 

Power Dissipation (Package Limitation) (Note 1) 500 mW 

Logic To Logic Reference Differential Voltage +7V, -30V 

Operating Ambient Temperature Range 

(Note 2) 






LF198/LF198A 

-55 C to +125 C 

Output Short Circuit Duration 


Indefinite 

LF298 

-25° C to +85° C 

Hold Capacitor Short Circuit Duration 

- 

10 sec 

LF398/LF398A 

0°C to +70° C 

Lead Temperature (Soldering, 10 seconds) 


300° C 

Storage Temperature Range 

-65° C to +150°C 








Electrical Characteristics (Note 3) 










LF198/LF298 


LF398 



PARAMETER 

CONDITIONS 







UNITS 



MIN 

TYP 

MAX 


TYP 

MAX 


Input Offset Voltage, (Note 6) 

Tj = 25°C 


1 

3 


2 

7 

mV 


Full Temperature Range 



5 



10 

mV 

Input Bias Current, (Note 6) 

Tj = 25° C 


5 

25 - 


10 

50 

nA 


Full Temperature Range 



75 



100 

nA 

Input Impedance 

Tj = 25°C 


10 10 



1010 



Gain Error 

Tj = 25°C, R|_ - 10k 


0.002 

0.005 


0.004 

0.01 

% 


Full Temperature Range 



0.02 



0.02 

% 

Feedthrough Attenuation Ratio 

Tj = 25°C, Ch = 0.01/iF 

86 

96 


80 

90 


dB 

at 1 kHz 









Output Impedance 

Tj = 25°C, "HOLD" mode 


0.5 

2 


0.5 

4 - 

n 


Full Temperature Range 



4 



6 ’ 

a 

"HOLD" Step, (Note 4) . 

Tj = 25° C, C h = O.OlpF, V 0 UT= 0 


0.5 

2.0 


1.0 

mm 

mV 

Supply Current, (Note 6) 

Tj > 25° C 


■ 

5.5 



1 

mA 







■ ■ 



Logic and Logic Reference Input 

Tj = 25 C 


.. — H 

10 



10 

UiA 

Current 



* • 



1 



Leakage Current into Hold 

Tj = 25° C, (Note 5) 



100 



200 

pA 

Capacitor (Note 6) 

Hold Mode 








Acquisition Time to 0,1% 

AV 0 UT= 10V, C h = 1000 pF 







Us 


Ch = 0.01/uF 


20 



20 


ps 

Hold Capacitor Charging Current 

VlN - VoUT = 2V 


5 



5 


mA 

Supply Voltage Rejection Ratio 

VOUT=0 

80 

110 


80 

110 


dB 

Differential Logic Threshold 

Tj = 25°C 

0.8 

1.4 

2.4 

0.8 

1,4 

2.4 

V 

' 
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Electrical Characteristics (Continued) (Note 3) 


PARAMETER 

CONDITIONS 

| LF198A | 

LF398A | 

UNITS 

MIN 



MIN 

TYP 

MAX 

Input Offset Voltage, (Note 6) 

Tj = 25°C 


1 

1 


2 

2 

mV 


Full Temperature Range 



2 



3 

mV 

Input Bias Current, (Note 6) 

Tj = 25°C 


5 

25 


10 

25 

nA 


Full Temperature Range 



75 



50 

nA 

Input Impedance 

Tj = 25° C 







ft 

Gain Error 

Tj = 25°C, R|_= 10k 







% 


Full Temperature Range 



0.01 



0.01 

% 

Feedthrough Attenuation Ratio 

Tj = 25°C, C h = O.OlpF 

86 

96 


86 



dB 

at 1 kHz 









Output Impedance 

Tj = 25°C, "HOLD" mode 



1 


0.5 

1 

ft 


Full Temperature Range 



4 



6 

ft 

"HOLD" Step, (Note 4) 

Tj = 25°C, C h = O.OlpF, VouT = 0 


0.5 

1 


1.0 

1 

mV 

Supply Current, (Note 6) 

Tj > 25°C 


4.5 

5.5 


4.5 

6.5 

mA 

Logic and Logic Reference Input 

Tj = 25°C 


2 

10 


2 

10 

MA 

Current 









Leakage Current into Hold 

Tj = 25°C, (Note 5) 


30 

100 


30 


PA 

Capacitor (Note 6) 

Hold Mode 








Acquisition Time to 0.1% 

AV 0 UT= 10V, C h = 1000 pF 


4 

6 


4 

6 

ps 


Ch = O.OlpF 


20 

25 


20 

25 

ps 

Hold Capacitor Charging Current 

V|N-V 0 UT = 2V 


5 


| 

5 


mA 

Supply Voltage Rejection Ratio 

VoUT=0 

90 

110 


90 

110 


dB 

Differential Logic Threshold 

Tj = 25° C 

0.8 

1.4 

2.4 

0.8 

1.4 

2.4 

V 


Note 1: The maximum junction temperature of the LF198/LF198A is 150°C,for the LF298, 115°C,and for the LF398/LF398A, 100°C. When 
operating at elevated ambient temperature, the power dissipation must be derated based on a thermal resistance (0 j*a) of 150°C/W. 

Note 2: Although the differential voltage may not exceed the limits given, the common-mode voltage on the logic pins may be equal to the 
supply voltages without causing damage to the circuit. For proper logic operation, however, one of the logic pins must always be at least 2 V below 
the positive supply and 3V above the negative supply. 

Note 3: Unless otherwise specified, the following conditions apply. Unit is in "sample” mode, V§ = ±15V, Tj = 25° C, —11.5V < V||\j < +11.5V, 
Ch = O.OIjuF, and Rj_ = 10 kft. Logic reference voltage = OV and logic voltage = 2.5V. 

Note 4: Hold step is sensitive to stray capacitive coupling between input logic signals and the hold capacitor. 1 pF, for instance, will create an 
additional 0.5 mV step with a 5V logic swing and a O.OIjuF hold capacitor. Magnitude of the hold step is inversely proportional to hold capaci- 
tor value. , 

Note 5: Leakage current is measured at a junction temperature of 25° C. The effects of junction temperature rise due to power dissipation or 
elevated ambient can be calculated by doubling the 25°C value for each 11°C increase in chip temperature. Leakage is guaranteed over full input 
signal range. 

Note 6: These parameters guaranteed over a supply voltage range of ±5 to ±18V. 


Typical Performance Characteristics 


Aperture Time* 



-50 -25 0 25 50 75 100 125. 150 


JUNCTION TEMPERATURE (°C) 
*See Definition of Terms 


Capacitor Hysteresis 



SAMPLE TIME (ms) 
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Application Hints 

Hold Capacitor 

Hold step, acquisition time, and droop rate are the 
major trade-offs in the selection of a hold capacitor 
value. Size and cost may also become important for 
larger values. Use of the curves included with this data 
sheet should be helpful in selecting a reasonable value 
of capacitance. Keep in mind that for fast repetition 
rates or tracking fast signals, the capacitor drive currents 
may cause a significant temperature rise in the LF198. 

A significant source of error in an accurate sample and 
hold circuit is dielectric absorption in the hold capacitor. 
A mylar cap, for instance, may "sag back" up to 0.2% 
after a quick change in voltage. A long "soak" time is 
required before the circuit can be put back into the 
hold mode with this type of capacitor. Dielectrics with 
very low hysteresis are polystyrene, polypropylene, and 
Teflon. Other types such as mica and polycarbonate 
are not nearly as good. Ceramic Js unusable with > 1% 
hysteresis. The advantage of pqlypropylene over poly- 
styrene is that it extends the maximum ambient tempera- 
ture from 85°C to 100°C. "NPO" or "COG" capacitors 
are now available for 125°C operation and also have low 
dielectric absorption. For more exact data, see the 
curve labeled dielectric absorption error vs sample time. 
The hysteresis numbers on the curve are final values, 
taken after full relaxation. The hysteresis error can be 
significantly reduced if the output of the LF198 is 
digitized quickly after the hold mode is initiated. The 
hysteresis relaxation time constant in polypropylene, 
for instance, is 10—50 ms. If A-to-D conversion can be 
made within 1 ms, hysteresis error will be reduced by a 
factor of ten. 

DC and AC Zeroing 

DC zeroing is accomplished by connecting the offset 
adjust pin to the wiper of a 1 k£2 potentiometer which 
has one end tied to V + and the other end tied through a 
resistor to ground. The resistor should be selected to 
give «0.6 mA through the Ik potentiometer. 

AC zeroing (hold step zeroing) can be obtained by 
adding an inverter with the adjustment pot tied input 
to output. A 10 pF capacitor from the wiper to the 
hold capacitor will give ±4 mV hold step adjustment 
with a 0.01/uF hold capacitor and 5V logic supply. 
For larger logic swings, a smaller capacitor « 10 pF) 
may be used. 

Logic Rise Time 

For proper operation, logic signals into the LF198 must 
have a minimum dV/dt of 1.0 V/^s. Slower signals will 
cause excessive hold step. If a R/C network is used in 
front of the logic input for signal delay, calculate the 
slope of the waveform at the threshold point to ensure 
that it is at least 1 .0 V//is. 

Sampling Dynamic Signals 

Sample error due to moving input signals probably 
causes more confusion among sample-and-hold users 
than any other parameter. The primary reason for this 
is that many users make the assumption that the sample 
and hold amplifier is truly locked on to the input signal 
while in the sample mode. In actuality, there are finite 


phase delays through the circuit creating an input-output 
differential for fast moving signals. In addition, although 
the output may have settled, the hold capacitor has an 
additional lag due to the 300£2 series resistor on the chip. 
This means that at the moment the "hold" command 
arrives, the hold capacitor voltage may be somewhat 
different than the actual analog input. The effect of 
these delays is opposite to the effect created by delays 
in the logic which switches the circuit from sample to 
hold. For example, consider an analog input of 20 Vp-p 
at 10 kHz. Maximum dV/dt is 0.6 V/^s. With no analog 
phase delay and 100 ns logic delay, one could expect 
up to (0.1/is)(0.6V/jus) = 60 mV error if the "hold" 
signal arrived near maximum dV/dt of the input. A 
positive-going input would give a +60 mV error. Now 
assume a 1 MHz (3 dB) bandwidth for the overall analog 
loop. This generates a phase delay of 160 ns. If the hold 
capacitor sees this exact delay, then error due to analog 
delay will be (0.16/Lfs)(0.6“ V/fis) = —96 mV. Total out- 
put error is +60 mV (digital) —96 mV (analog) for a 
total of —36 mV. To add to the confusion, analog delay 
is proportional to hold capacitor value while digital 
delay remains constant. A family of curves (dynamic 
sampling error) is included to help estimate errors. 

A curve labeled Aperture Time has been included for 
sampling conditions where the input is steady during 
the sampling period, but may experience a sudden 
change nearly coincident with the "hold" command. 
This curve is based on a 1 mV error fed into the output. 

A second curve. Hold Settling Time indicates the time 
required for the output to settle to 1 mV after the 
"hold" command. 

Digital Feedthrough 

Fast rise time logic signals can cause hold errors by 
feeding externally into the analog input at the same 
time the amplifier is put into the hold mode. To mini- 
mize this problem, board layout should keep logic lines 
as far as possible from the analog input. Grounded 
guarding traces may also be used around the input 
line, especially if it is driven from a high impedance 
source. Reducing high amplitude logic signals to 2.5V 
will also help. 

Guarding'Technique 

v + 



Use 10-pin layout. Guard around Ch is tied to output. 
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Logic Input Configurations 


JT 



Threshold = 1 .4V 


TTL & CMOS 
3V < V L (Hi State) < 7V 


JT 



Threshold = 1 .4 V 
"Select for 2.8V at pin 8 


CMOS 

7V< V L (Hi State) < 15V 


JT 



jt: 


Threshold = 0.6 (V + ) + 1.4V 



Threshold = 0.6 (V + ) - 1 .4V 


Op Amp Drive 


+13V ■ ■ - ■ SAMPLE 


Threshold « +4V 



+13V r I HOLD 


Threshold = — 4V 



Typical Applications (continued) 


X1000 Sample & Hold 



Sample and Difference Circuit 
(Output Follows Input in Hold Mode) 


v 0UT = v B + ^ v IN( H0L 0 MODE) 


O.OTjuF 


*For lower gains, the LM108 must be frequency compensated 
100 

Use » pF from comp 2 to ground 

A V 
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Typical Applications (Continued) 


Synchronous Correlator for Recovering 
Signals Below Noise Level 


2-Channel Switch 


15V 



15V 



A B 


Gain 

1 ±0.02% 

1 ±0.2% 

Z| N 

io 10 n 

47 k SI 

BW 

MHz 

*400 kHz 

Crosstalk 
@ 1 kHz 

-90 dB 

-90 dB 

Offset 

<6 mV 

<75 mV 


DC & AC Zeroing Staircase Generator 



'Select for step height 




Typical Applications (Continued) 

Capacitor Hysteresis Compensation 


v + 



•Select for time constant Cl = 

i 100k 

••Adjust for amplitude 


Definition of Terms 

Hold Step: The voltage step at the output of the sample 
and hold when switching from sample mode to hold 
mode with a steady (dc) analog input voltage. Logic 
swing is 5V. 

Acquisition Time: The time required to acquire a new 
analog input voltage with an output step of 10V. Note 
that acquisition time is not just the time required for 
the output to settle, but also includes the time required 
for all internal nodes to settle so that the output assumes 
the proper value when switched to the hold mode."' 

Gain Error: The ratio, of output voltage swing to input 
voltage swing in the sample mode expressed as a per cent 
difference. 


Connection Diagrams 


Dual-In-Line Package 



Order Number LF398N or LF398AN 
See NS Package N08A 


Differential Hold 



Hold Settling Time: The time required for the output 
to settle within 1 mV of final value after the "hold" 
logic command. 

Dynamic Sampling Error: The error introduced into the 
held output due to a changing analog input at the time 
the hold command is given. Error is expressed in mV 
with a given hold capacitor value and input slew rate. 
Note that this error term occurs even for long sample 
times. 

Aperture Time: The delay required between "Hold" 
command and an input analog transition, so that the 
transition does not affect the held output. 


Metal Can Package 
LOGIC 



Order Number LF198H, LF298H, LF398H, 
LF198AH or LF398AH 
See NS Package H08C 
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Absolute 

Conversion 

Input 

Output 



Range 
(Note 1) 




Part 

Resolution 

Accuracy 

Time 

Voltage 

Logic 

Supplies 





No. 

(Bits) 

(Max.) 

(Typ.) 

Range 

Levels 

(V) 

M 

1 

C 

Package 

Comments 

A/D Converter | 

ADC0800 

8 

±2 LSB 

35 /as 

10V 

TTL, Tri-State® 

+5, -12 




18-Pin DIP 


ADC0801 

8 

± 1/4 LSB 

100 /as 

5V 

TTL, Tri-State 

+5 


• 


20-Pin DIP 

Differential 

Input 

ADC0802 

8 

±Vz LSB 

100 /as 

5V 

TTL. Tri-State 

+5 


• 


20-Pin DIP 

Differential 

Input 

ADC0803 

8 

±y 2 LSB 

100 /as 

5V 

TTL, Tri-State 

+5 


• 


20-Pin DIP 

Differential 

Input 

ADC0804 

8 

±1 LSB 

100 /as 

5V 

TTL, Tri-State 

+5 


• 


20-Pin DIP 

Differential 

Input 

ADC0808 

8 

±Vz LSB 

100 /as 

5V 

TTL, Tri-State 

+5 


• 


28-Pin DIP 

Includes 

8-Channel MUX 

ADC0809 

8 

±1 LSB 

100 /as 

5V 

TTL, Tri-State 

+ 5 


• 


28-Pin DIP 

Includes 

8-Channel MUX 

ADC0816 

8 

±Vfe LSB 

100 /as 

5V 

TTL, Tri-State 

+5 

• 

• 


40-Pin DIP 

Includes 

16-Channel MUX 

ADC0817 

8 

±1 LSB 

100 /as 

5V 

TTL, Tri-State 

+5 


• 


40-Pin DIP 

Includes 

16-Channel MUX 

ADB1200 

LF13300 

12 

±1/2 LSB 

36 ms 

±1 IV 

TTL, Tri-State 

+5, -15 
±15 




28-Pin DIP 
18-Pin DIP 

Dual Slope 

ADC1210 

12 

±1/2 LSB 

100 /as 

10.2V 

CMOS 

+5 to ±15 

• 

• 


24-Pin DIP 

10-Bit Conversion 
in 30 /as 

ADC1211 

12 (10) 

±1 LSB 

100 /as 

10.2V 

CMOS 

+5 to ±15 

• 

• 


24-Pin DIP 


ADC3511 

3V 2 Digit 

.05% 

200 ms 

2V 

TTL, Tri-State 

+ 5 



• 

24-Pin DIP 

Integrating 
/aP Compatible 

ADC3711 

3% Digit 

.05% 

400 ms 

2V 

TTL, Tri-State 

+5 



• 

24-Pin DIP 

Integrating 
/aP Compatible 












Voltage-to- 

LM131 

V-F 

.01% 

N/A 

V C C- 2V 

N/A 

+ 5 to +40 

• 

• 

• 

8-Pin DIP or 
TO-99 Can 

Frequency 

Converter 

100kHz Max 

Digital Voltmeter 1 

ADD3501 

3V2 Digit 

.05% 

•200 ms 

V CC -2V 

7-Segment 

LED Drive 

+5 



• 

28-Pin DIP 

3Vz Digit LED 

DPM 

ADD3701 

3% Digit 

.05% 

400 ms 

V CC -2V 

7-Segment 

LED Drive 

+5 



• 

28-Pin DIP 

3% Digit LED 

DPM 


Note 1: Temperature ranges are: “M” is -55°C to + 125°C ambient; “I” is -40°C to +85°C or -25°C to +85°C; "C” is 0°C to 70°C. 
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Part 

No. 

Resolution 

(Bits) 

Linearity 
@ 25°C 
(Max) 

Internal 

Reference 

Output 

Op 

Amp 

Settling 

Time 

(±1/2 LSB) 

Supplies 

(V) 

Temperature 
Range 
(Note 1) 

M 1 C 

Package 

Comments 

DAC0800 

8 

.19 



135 ns 

±5 to ±15 

• 


• 

16-Pin DIP 

High-Speed 

Multiplying 

DAC0801 

8 

.39 



150 ns 

±5 to ±15 

• 


• 

16-Pin DIP 

High-Speed 

Multiplying 

DAC0802 

8 

.1 



135 ns 

±5 to ±15 

• 



16-Pin DIP 

High-Speed 

Multiplying 

DAC0806 

8 

.78 



150. typ 

±5 to ±15 



• 

16-Pin DIP 

Multiplying 

DAC0807 

8 

.39 



150 typ 

±5 to ±15' 



• 

16-P.n DIP 

Multiplying 

DAC0808 

8 

.19 



150 typ s 

±5 to ±15 

• 


• 

16-Pin DIP 

Multiplying 

DAC1000 

10 

.05 



500 ns typ 

5 to 15 

• 

• 

• 

24-Pin DIP 

mP Compatible 
Double Buffered 

DAC1001 

10 

.1 



500 ns typ 

5 to 15 


e 

• 

24-Pin DIP 

mP Compatible 
Double Buffered 

DAC1002 

10 

.2 



500 ns typ 

5 to 15 


• 

• 

24-Pin DIP 

mP Compatible 
Double Buffered 

DAC1006 

10 

.05 



500 ns typ 

5 to 15 

e 


a 

20-Pin DIP 

M P Compatible 
Double Buffered 

DAC1007 

10 

.1 



.500 ns typ 

5 to 15 


• 

a 

20-Pin DIP 

mP Compatible 
Double Buffered 

DAC1008 

10 

.2 



500 ns typ 

5 to 15 


• 

a 

20-Pin DIP 

mP Compatible 
Double Buffered 

DAC1020 

10 

.05 



500 ns typ 

5 to 15 

• 

• 

a 

16-Pin DIP 

4-Quadrant 

Multiplying 

DAC1021 

10 

.1 



500 ns typ 

5 to 15 

• 

• 

a 

16-Pin DIP 

4-Quadrant 

Multiplying 

DAC1022 

10 

.2 



500 ns typ 

5 to 15 

• 

• 

a 

16-Pin DIP 

4-Quadrant 

Multiplying 

DAC1200 

12 

.012 

• 

• ' 

1. 5-2.5 ms 

±15, 5 

• 

• 


24-Pin DIP 

Current or 

Voltage Mode 

DAC1201 

12 

.049 

• 

• 

1. 5-2.5 ms 

±15, 5 

• 

• 


24-Pin DIP 

Current or 

Voltage Mode 

D AC 1202 

3 Digit 

.01 

• 

• 

1. 5-2.5 ms 

±15, 5 

c 

• 


24-Pin DIP 

BCD Current or 
Voltage Mode 

DAC1203 

3 Digit 

.05 

• 

• 

1.5-2. 5 MS 

±15, 5 

• 

• 


24-Pin DIP 

BCD Current or 
Voltage Mode 

DAC1220 

12 

.05 



500 ns typ 

5 to 15 

• 

• 

a 

18-Pin DIP 

4-Quadrant 

Multiplying 

DAC1221 

12 

.1 



500 ns typ 

5 to 15 

• 

• 

a 

18-Pin DIP 

4-Quadrant 

Multiplying 

DAC1222 

12 

.2 



500 ns typ 

5 to 15 

• 

• 

a 

18-Pin DIP 

4-Quadrant 

Multiplying 

DAC1280 

12 

.024 

• 

• 

300 ns/2.5 ms 

±15, 5 

• 


a 

24-Pin DIP 

Current or 

Voltage Mode 

DAC1285 

12 

.012 

• 

• 

300 ns/2.5 fxs 

±15, 5 

• 


a 

24-Pin DIP 

Current or 

Voltage Mode 

DAC1286 

12 

.05 

• 

• 

300 ns/2.5 /xs 

±15, 5 

• 


a 

24-Pin DIP 

BCD Current or 
Voltage Mode 

DAC1287 

12 

.1 

• 

• 

300 ns/2.5 ms 

±15, 5 

• 


^ a 

24-Pin DIP 

BCD Current or 
Voltage Mode 

Note 1 : Ambient temperature range for 

"M” is — 55°C to + 125°C, “1” is -25°C to +85°C, “C” 

is 0°C to +70°C. 
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General Data Acquisition System Block Diagram 


TEMPERATURE 

LM334 

LM335 

LM3911 

OTHERS 

THERMOCOUPLE 

RTD 

AUDIO* 



ADC0800 LM3999 

ADC08Q1/2/3/4 LM329 
ADC0808/9 LM336 


ADC0816/17 
AD Cl 21 0/1 1 
ADC3511 
ADC3711 


LM336-5 

LM385 

LM399 

LH0070/LH0071 


OTHER DEVICES: 

LM331 PRECISION VOLTAGE-TO-FREQUENCY CONVERTER 

ADS1216 16-CHANNEL 12-BIT DATA ACQUISITION SYSTEM WITH MEMORY 


Converter Products Part Numbering System 


PACKAGE DESIGNATION 


C - COMMERCIAL TEMPERATURE RANGE 


- USED FOR MORE THAN ONE IN THIS FAMILY 


-RESOLUTION 
08: 8 BITS 
10: 10 BITS 
12: 12 BITS 


25: 2 1/2 DIGIT 
35: 3 1/2 DIGIT 
37: 3 1/4 DIGIT 
45: 4 1/2 DIGIT 


-FORM 

C: COMPLETE 

B: BUILDING BLOCK 

D: DIGITAL PANEL METER CHIP 

M: MODULE 

S: CARD SYSTEMS 


-FUNCTION 

AD: ANALOG-TO-DIGITAL 
DA: DIGITAL-TO-ANALOG 
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Definition of Terms 




National 

Semiconductor 


A to D, D to A 


Definition of Terms 

Full-Scale Error: Full-scale error is a measure of the 
output error between an ideal D/A and the actual device 
output. Ideally for the DAC1200 full-scale is Vpgp— 
1 LSB. For Vref = 10.240V and unipolar operation, 
V FULLSCALE = 10.240V - 2.5 mV = 10.2375V. 
Departures from this value include internal gain, scaling, 
and reference errors. Full-scale error is adjustable as 
discussed in the Applications section. 

Linearity Error: Linearity error is the maximum 
deviation from a straight line passing through the end- 
points of the D/A transfer characteristic. It is measured 
after calibrating for zero and full-scale. The linearity 
error of the DAC1200 series is guaranteed to be less than 
±% LSB or 0.01 22% of F.S.forthe DAC1200/DAC1200C 
and ±0.0488% of F.S. for the DAC1201/DAC1201C. 
Linearity error is a design parameter intrinsic to the 
device and cannot be externally adjusted. 

Monotonicity: Monotonicity is a characteristic of the 
D/A which requires a non-negative output step for an 
increasing input digital code. Monotonicity, therefore, 
demands no back steps or sign changes of the D/A 
transfer characteristic slope. 

Offset Voltage: Offset voltage is an output voltage 
other than zero volts for unipolar operation (and other 
than minus full-scale for bipolar operation) with all 
bits turned "OFF". In the DAC1200 series this error 
resides primarily in the output amplifier, A3. Offset 
voltage is adjustable to zero as discussed in the 
applications section. 


Power Supply Sensitivity: Power supply sensitivity is 
a measure of the effect of power supply changes on the 
D/A full-scale output. 

Resolution: Resolution is defined as the reciprocal of 
the number of discrete steps in the D/A output (as 
designed). It is directly related to the number of switches 
or bits within the D/A. For example, the DAC1200 has 
2 12 or 4096 steps. Resolution may therefore be expressed 
variously as 12 bits, as 1 part in 2^ 2 , as 1 part in 4096, 
or as a percentage (1/4096 x 100 = 0.0244%). The 
DAC1202 has 1000 steps and 3 BCD digits. Resolution 
may be expressed as 0.1% or 3 BCD digits. 

Settling Time: Two settling time parameters are 
specified for the DAC1200 series. Full-scale settling time 
requires a zero to full-scale or full-scale to zero output 
change. One LSB settling time requires one LSB output 
change. In both instances, settling time is the time 
required from a code transition until the D/A output 
reaches within ±Vi LSB of final output value. 
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National 
Semiconductor 

AD7520/AD7530/AD7533 10-Bit , AD7521/AD7531 12-Bit 
Binary Multiplying D/A Converters 

General Description 


The AD7520 and the AD7521 are, respectively, 10 and 
12-bit binary multiplying digital-to-analog converters. 
A deposited thin film R-2R resistor ladder divides 
the reference current and provides the circuit with ex- 
cellent temperature tracking characteristics (typically 
0.0002%/°C linearity error temperature coefficient). The 
circuit uses CMOS current switches and drive circuitry 
to achieve low power consumption (30 mW max) and 
low leakages (200 nA max). The digital inputs are com- 
patible with DTL/TTL logic levels as well as full CMOS 
logic level swings. This part, combined with an external 
amplifier and voltage reference, can be used as a standard 
D/A converter; however, it is also very attractive for 
multiplying applications (such as digitally controlled 
gain blocks) since its linearity error is essentially inde- 
pendent of the voltage reference. 


This part is available with 10-bit (0.05%), 9-bit (0.10%), 
and 8-bit (0.20%) non-linearity. The AD7520L, 
AD7520K, and AD7520J are direct replacements for 


the 10-bit resolution AD7520 and AD7530 family, and 
equivalent to AD7533 family. The AD7521 K, AD7521 J 
and AD7521L are direct replacements for the 12-bit 
resolution AD7521 and AD7531 family. For more 
information, see DAC1020 data sheet. 

Features 

■ Linearity specified with zero and full-scale adjust only 

■ Integrated thin film on CMOS structure 

■ 10-bit or 12-bit resolution 

■ Low power dissipation 10 mW @ 15V typ 

■ Accepts variable or fixed reference -25V < VreF < 
+25 V 

■ 4-quadrant multiplying capability 

■ Interfaces directly with DTL, TTL and CMOS 

■ Fast settling time— 600 ns typ 

■ Low feedthrough error-1 /2 LSB @ 100 kHz typ 


Connection Diagrams 


AD7520/AD7530 
Dual-In-Line Package 



AD7521/AD7531 
Dual-In-Line Package 



Equivalent Circuit 


1 NOT INCLUDED FOR AD7520 1 

I I 



Ordering Information* 

10-BIT D/A CONVERTERS 


TEMPERATURE RANGE 

0°C to 70°C 



ACCURACY 

0.05% 

ESSEEZ3 

UEEEH 

C01ED 


AD7520UD 

mmm 





AD7520TD 

— 




BSSESSOI 

AD7520SD 

PACKAGE OUTLINE 

N16A 

D16C 

D16C 


12-BIT D/A CONVERTERS 


| TEMPERATURE RANGE 

0°C to 70°C 



ACCURACY 

SElSiSI 

gEgns 




AD7521UD 

ksebi 


0^03 


UJs22E51 

AD7521TD 



EsEEEEI 



AD7521SD 

PACKAGE OUTLINE 

N18A 

D18A 

D18A 


*Note: Devices ordered using these P/N's will be marked with AD7520 series and 
DAC102X series numbers. 
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AD7520/AD7530/AD7533, AD7521/AD7531 






















AD7520/AD7530/AD7533 , AD7521/AD7531 


Absolute Maximum Ratings 


V + to Gnd 17V 

Vref to Gnd ±25V 

Digital Input Voltage Range V + to Gnd 

DC Voltage at Pin 1 or Pin 2 (Note 3) -1 00 mV to V + 

Storage Temperature Range — 65° C to +150°C 

Lead Temperature (Soldering, IQ seconds) 300°C 


Operating Temperature Range 


AD7520LN, 

AD7521LN, 

AD7530LN, 

AD7531LN, 

AD7520LD, 

AD7521LD, 

AD7530LD, 

AD7531LD, 

AD7520UD, 

AD7521UD, 


AD7520KN, 

AD7521KN, 

AD7530KN, 

AD7531KN, 

AD7520KD, 

AD7521KD, 

AD7530KD, 

AD7531KD, 

AD7520TD, 

AD7521TD, 


AD7520JN 

AD7521JN 

AD7530JN 

AD7531JN 

AD7520JD 

AD7521JD 

AD7530JD 

AD7531JD 

AD7520SD 

AD7521SD 


MIN 

MAX 

UNITS 

o 

+70 

°C 

0 

+70 

°c 

0 

+70 

°c 

0 

+70 

°c 

-.40 

+85 

°c 

-40 

+85 

°c 

-40 

+85 

°C ' 

-40 

+85 

°c 

-55 

+125 

°c 

-55 

+125 

°c 


Electrical Characteristics (V + = 15 V, Vref = lO.OOOV, Ta = 25 °C unless otherwise specified) 



AD7520L, AD7520K, 
AD7520J 


AD7521L, AD7521K, 
AD7521J 


Resolution 
Linearity -Error 


Linearity -Error T M | N < Ta < TjvtAX. 

-10V <Vref <+iov, 

(Note 1 ) End Point Adjustment Only 
(See Linearity Error in Definition of Terms) 

10-bit Parts AD7520L, AD7520U, AD7521L, AD7521U, AD7530L, AD7531 L 

9-bit Parts AD7520T, AD7520K, AD7521T, AD7521 K, AD7530K, AD7531 K 

8-bit Parts AD7520S, AD7520J, AD7521S, AD7521J, AD7530J, AD7531J 

Linearity Error Tempco -10V < Vref < +10V, 

(Notes 1 and 2) 

Full-Scale Error -10V < Vref < +10V, 

(Notes 1 and 2) 

Full-Scale Error Tempco. Tmin < Ta < TmaX. 

(Note 2) 

Output Leakage Current 

*OUT1 All Digital Inputs Low, Tmin < Ta < T|yiAX 

IOUT2 All Digital Inputs High, T|y|||\| < Ta < T^AX 

Power Supply Sensitivity All Digital Inputs High, 

14V < V + < 16V 

(Figure 2 of DAC1020 data sheet) 

Vref Input Resistance 

Full-Scale Current Settling R|_ = 100J2 from 0 to 99.95% 

Time FS 

All Digital Inputs Switched 
Simultaneously ‘ 

VREF Feedthrough All Digital Inputs Low, 

Vref = 20 Vp-p @ ioo kHz 
D Package (Note 4) 

N.Package 

Output Capacitance 

• OUTI . All Digital Inputs Low 

All Digital Inputs High 
•OUT2 All Digital Inputs Low 

All Digital Inputs High 
Digital Input (Note 1) 

Low Threshold T M IN < Ta < ^MAX. 

High Threshold TmIN <Ta <TmaX 

Digital Input Current TmIN< t A< t MAX 

Digital Input High 
Digital Input Low 

Supply Current All Digital Inputs High . 

All Digital Inputs Low 

Operating Power Supply Range 


Notel: Vref = ±10V and Vref = ±1V. 

Note 2: Using internal feedback resistor. 

Note 3: Both loUTI anc * IOUT2 must 90 to ground or the virtual ground of an operational amplifier. For every 
or IOUT 2 ' 0.005% linearity error will be introduced. 

Note 4: To achieve this low feedthrough in D package, the user must ground the metal lid. 


Linearity Error Tempco 


Full-Scale Error Tempco. 

Output Leakage Current 
'OUT1 
<OUT2 

Power Supply Sensitivity 


VREF Input Resistance 
Full-Scale Current Settling 
Time 


VREF Feedthrough 


Output Capacitance 
'OUT1 . 


Digital Input 
Low Threshold 
High Threshold 
Digital Input Current 



0.05 % FSR 

0.10 % FSR 

0.20 % FSR 

% FS/°C 


0.001 % FS/°C 


200 nA 

200 nA 


0.005 % FS/V 


10 15 20 kft 


10 I mVp-p 


0.2 1.6 
0.6 2 


millivolt offset between IqUTI 
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National a to d, d to a 

Semiconductor 


ADB1200 (MM5863) 12-Bit Binary A/D Building Block 

General Description 

The ADB 1200 is the digital controller for the LF13300D* 
analog building block. Together they form an integrating 
12-bit A/D converter. The ADB1200 provides all the 
necessary control functions, plus features like auto 
zeroing, polarity and overrange indication, as well as 
continuous conversion. The 12-bit plus sign parallel and 
serial outputs are TRI-STATE® TTL level compatible. 

The device also includes output latches to simplify 
data bus interfacing. 

*See LF13300D data sheet for more information 


Features 

■ 12-bit binary output 

■ Parallel or serial output 

■ TRI-STATE output 

■ Polarity indication 

■ Overrange indication 

■ Continuous conversion capability 

■ 100% overrange capability 

■ 5V, —15V power requirements 

■ TTL compatible 

■ Clock frequency to 1 MHz 



Circuit Diagram/Typical Applications 


12-Bit A/D Converter 



.INPUT 


TRI-STATE® 
DATA OUTPUT 
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ADB1200 (MM5863) 



ADB1200 (MM5863) 


Absolute Maximum Ratings 

Supply Voltage (Vss) 5.25V 

Supply Voltage (Vqg) -16.5V 

Voltage at Any Input 5.25V 

Operating Temperature 0°Cto+70°C 

Storage Temperature — 40°C to +150°C 

Lead Temperature (Soldering, 10 seconds). 300°C 

Electrical Characteristics 

Vss = 5V, VgG = “15V, 0°C to +70°C, unless otherwise specified. 

* PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Power Supply Voltage (Vss) 


4.75 

5.00 

5.25 

V 

Power Supply Voltage (Vqg) 


-13.5 


-16.5 

V 

Power Supply Current (l$s) 




28 

mA 

Power Supply Current Ogg) 




34 

mA 

Logic "1" Input Voltage 


3.4 



V 

Logic "0" Input Voltage 





V 

Logic "1" Output Voltage 

Vss = 4.75V, 'OH = 100 m a 

3.8 



V 

Logic “0" Output Voltage 

Vss = 5.25V, IOL = -1-6 mA 



0.4 

V 

Width of EOC 

Auto Cycle 

5/f 



sec 

Prop. Delay COMP to EOC 


4/f 


5/f+1 jits 

sec 

Output Enable Time 

OE to Any Data Output, 



1.0 

Ms 


o 

ii 

C/5 

ICL 

II 

o 

CO 





Output Disable Time 

OE to Any Data Output, 



2.4 

Ms 


SC=1,P/S = 0 





Output Enable Time 

P/S to Any Data Output 



0.9 

Ms 


Except Polarity, SC - 1, 






o 

n 

IIU 

lo 





Output Disable Time 

P/S to Any Data Output 



2.2 

MS 


Except Polarity, SC = 1, 






o 

ii 

|LU 

lo 





Output Enable Time 

SC to Any Data Output, 



1.0 

MS 


OE = 0, P/S = 0 





Output Disable Time 

SC to Any Data Output, 



2.4 

MS 

’ 

OE = 0, P/S = 0 





Prop. Delay Serial Clock 

SCLK to POL/SDO 




MS 

Conversion Time 

Full Scale 



8966/f 

sec 

Conversion Time * 

100% Overrange 



13062/f 

sec 

Maximum Clock Frequency 

CLK, Pin 27 

500 



kHz 

Maximum Serial Clock Frequency 

SCLK, Pin 1 

500 

1000 


kHz 
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Block Diagram 


Digital Control Integrated Circuit 



Connection Diagram 


Dual-ln-Line Package 



(P/S) PARALLEL/SERIAL 
SELECT 

<CLK) INPUT CLOCK 

(COMP) COMPARATOR 
INPUT 

V GG 


V SS 

(EOC) END OF 
CONVERSION 

(RU-) RAMP NEGATIVE 

(P0/RU+) POLARITY 
DETECT/RAMP UNKNOWN 
(OC) OFFSET 
CORRECTION 

(RR) RAMP REFERENCE 
GND 

(POL/SDO) POLARITY/SERIAL 
DATA OUTPUT 

(OR) OVERRANGE 

2 _1 (MSB) MOST 
SIGNIFICANT BIT 


Order Number ADB1200PCN 
See NS Package N28A 
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ADB1200 (MM 5863) 



ADB1200 (MM5863) 


Functional Description 


OPERATION 

The ADB1200 is designed for use with the LF 13300 
analog front end. Four control signals are supplied to 
the LF 13300 and 1 control signal is required from the 
LF 13300. The conversion cycle is composed of 5 
distinct phases. They are: Phase I — Offset Correct; 
Phase II — Polarity Detect; Phase III — Initialization; 
Phase IV — Ramp Unknown; Phase V — Ramp Reference. 

Phase I — Offset Correct (256 Clock Periods) 

. This phase is initiated by taking the Start Conversion 
(SC) and the Output Enable (OE) lines to a logic "1". 
At this time. Offset Correct (OC) will be a logic “1". 
The LF 13300 requires this phase to correct any intrinsic 
offset voltage errors prior to the polarity detect phase. 

Phase II — Polarity Detect (256 Clock Periods) 

This phase is used to determine polarity of the analog 
input. At the midpoint of this phase, COMP from the 
LF13300 is examined for polarity. If COMP = logic 
"1", then the input voltage is positive. If COMP = 
logic "0", then the input is negative. The Polarity 
Detect signal (PD/RU+) will be at a logic "1" during 
this entire phase. The above operation is also necessary 
to determine which integrator input (positive or negative) 
of the LF 13300 should be used for proper A/D conver- 
sion (see LF 13300 data sheet). 

Phase III — Initialization (256 Clock Periods) 

This phase is identical to Phase I and is used by the 
LF 13300 to eliminate any offsets induced as a result of 
the Polarity Detect Phase. Offset Correct (OC) will be at 
a logic "1". 

Phase IV — Ramp Unknown (4096 Clock Periods) 

The unknown input voltage is integrated for a fixed 
time, 4096 clock periods, during this phase. The result 
of the Phase II Polarity Detect Cycle determines whether 
PD/RU+ or RU— will be at logic "1". If Phase II indicates 
a positive input, the PD/RU+ signal will be a logic "1". 
If phase II indicates a negative input. Ramp Negative 


(RU— ) will be a logic "1". These 2 signals will never be 
at logic "1" simultaneously. 

Phase V - Ramp Reference 

This phase is a variable length phase depending on the 
magnitude of the analog input voltage. During this time. 
Ramp Reference (RR) will be in the logic "1" state. 
When COMP goes to a logic "p" state, or when the 
internal counter reaches 100% of full scale (8192 clock 
periods), the Ramp Reference (RR) signal goes to the 
logic "0" state, the counter output is loaded into the 
output register, and the End of Conversion (EOC) 
signal goes to a logic "1". The Polarity Bitwill reflect 
whatever value was determined during Phase II. The 
output register will hold the data until a new conversion 
is co mpl eted and new data is loaded into the register. 
The OE line must be low in the logic "0" state and SC 
must be high in the logic "1" state to enable the outputs. 

DATA OUTPUTS 

Both jerial and parallel outputs are available. In either 
case, OE must be low and SC must be high to enable 
the- outputs. For parallel output, the P/S' line must_be 
low in the logic "0" state. For serial outputs, the P/S 
line must be high. In the serial mode, the data is shifted 
out of the Polarity /Serial Output (POL/SDO) line and all 
other data outputs are in the high impedance state. 
Each Serial Clock (SCLK) will right shift the output 
register one bit. Thus, 13 clock pulses are required to 
fully shift out the data. The data will be shifted out in- 
the following order: Polarity, Overrange, MSB, 2SB, 
3SB, . . . , LSB. If OE and P/S are in the logic "0" state' 
and SC in the logic "1" state, all outputs will momen- 
tarily go to the logic "1" state for 1 clock period 
immediately preceding EOC. 

CONTINUOUS CONVERT MODE 

In this mode, the End of Conversion (EOC) output is 
connected to the OE input. As long as SC is in the- 
logic "1" state, then each EOC will initiate a new con- 
version. The data outputs will be disabled for the first 
5 clock cycles after EOC goes high. 


Truth Table 



0 = Low 

Z = High Impedance 
X = Don't Care 
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Timing Diagrams 


Output Enable/Disable Time 


M OR P/S 


DATA OUTPUT 


DISABLE 

DELAY 






< 


ENABLE 

DELAY 


Serial Clock Delay 


POL/SDO 



Output Enable/Disable Time 


i 

/ 

\ 

k 


7 

^ 4.0 


TRI-STATE® ' 


s 

j- 0.4 

/ 


ENABLE 




, DISABLE 

DELAY 




DELAY 


FIGURE 1. Parallel Data 


Serial Output 


C(0E) TL 




xpoooooooooooogr 

if ft f 2SB f— LSB 


•Jr 


FIGURE 2. Serial Data 
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ADB1200 (MM5863) 




ADB1200 (MM5863) 


Timing Diagrams (Continued) 


Positive Input 


PHASE 1 

PHASE II 

PHASE III 

PHASE IV 

PHASE V 

OFFSET 

POLARITY 

INITIAL- 

RAMP 

RAMP 

CORRECT 

DETECT 

IZATION 

UNKNOWN 

REFERENCE 


clk ruir 

sc I 

OC | 256 X 1/f | | 256 X 1/f | 

PD/RU+ | 256 X 1/f | | 4096 X 1/f 


RR . | <8192 X 1/f | 




| | 

Negative Input 


OC | 256 X 1/f | 

PD/RU+ | 

| 256 X 1/f | 

1 

| 256 X 1/f | 



RU- 


j 4096 X 1/f 

1 

RR 



| < 8192 X 1/f | 




1 1888888^ 

EOC (OE) | 5/1 | 


^ 

pn_ 


FIGURE 3. Continuous Conversion Mode 


SC NO. i 

OE 

EOCNO.i 


_r~i 



j 


DATA BUS 


TRI-STATE® 



FIGURE 4. i th A/D Converter Data Retrieval Sequence 
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26 

1 22 

T" 

1 20 

T" 

18 

FT 

25 

24 

3 

3 

|5 

_L 

_lz_ 

_L 

9 


”1 




COMP RU- 

PD/RU+ 

OC 

RR OG 



PG 




LF 13300 



V~ 

BUF 

OA 

0A 




V + 

V X OUT 

IN 

OUT 

Vr AG 

C 0C2 

C 0C1 

P0C3 


13 16 18 I 12 |11 flO 

0.1 pF I 0.1 pF T 0.1 P F I 


0.01 

POLYPROPYLENE 


LOW LEAKAGE 
MYLAR 


15V -15V GND 5V OE 250kHz 
CLOCK 


EOC * SC* 
NO. i NO. i 


CONTROL AND POWER BUS 


May be common or separate. Care should be taken to avoid ground currents 
^Direct or multiplexed access to the processor 
Note. This application is related to Figure 4 of timing diagrams 
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ADC0800 (MM4357B/MM5357B) 


5 


National 
Semiconductor 
ADC0800 (MM4357B/MM5357B) 8-Bit A/D Converter 


A to D, D to A 


General Description 

The ADC0800 is an 8-bit monolithic A/D converter 
using P-channel ion-implanted MOS technology. It 
contains a high input impedance comparator, 256 
series resistors and analog switches, control logic and 
output latches. Conversion is performed using a succes- 
sive approximation technique where the unknown 
analog voltage is compared to the resistor tie points 
using analog switches. When the appropriate tie point 
voltage matches the unknown voltage, conversion is* 
complete and the digital outputs contain an 8-bit com- 
plementary binary word corresponding to the un- 
known. The binary output is TRI-STATE® to permit 
bussing on common data lines. 

The ADC0800PD is specified over -55°C to +125°C 
and the ADC0800PCD is specified over 0°C to 70°C. 


Features 

■ Low cost 

■ ±5V, 10V input ranges 

■ No missing codes 

■ Ratiometric conversion 

■ TRI-STATE outputs 

■ Fast 

■ Contains output latches 

■ TTL compatible 

■ Supply voltages 

■ Resolution 

■ Linearity 

■ Conversion speed 

■ Clock range 


Tc = 50 jits 


5 Vqc and -12 VpC 
8 bits 
±1 LSB 
40 clock periods 
50 to 800 kHz 


Block Diagram 



(00000000 = -Hull-scale) 
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Absolute Maximum Ratings 




Supply Voltage (Vqd) 

V S S-22V 




Supply Voltage (Vqq) 

V S S-22V 




Voltage at Any Input 

V S S + 0.3V to V S S~22V 




Storage Temperature 

Operating Temperature 

150°C 




ADC0800PD 

— 55°C to +125°C 




ADC0800PCD 

0°C to +70°C 




Lead Temperature (Soldering, 10 seconds) 300°C 




Electrical Characteristics 





These specifications apply for Vss = 5.0 Vqc. v GG = -12.0 VpC/ v DD = 0 Vqc. a reference voltage of 10.000 Vqc across 

the on-chip R-network (Vr. NETWORK TOP = 5.000 Vqc and Vr. NETWORK BOTTOM =- 

-5.000 Vdc)/ and a clock fre- 

quency of 800 kHz. For all tests, a 475£7 resistor is used from pin 5 to ground. Unless otherwise noted, These specifications apply 

over an ambient temperature range of — 55° C to +125°C for the ADC0800PD and 0°C to +70°C for the ADC0800PCD. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Non-Linearity 

Ta= 25°c, (Note 1) 



±1 

LSB 


Over Temperature, (Note 1) 



±2 

LSB 

Differential Non-Linearity 




±1/2 

LSB 

Zero Error 




±2 

LSB 

Zero Error Temperature Coefficient 

(Note 2) 



0.01 

%/°C 

Full-Scale Error 




±2 

LSB 

Full-Scale Error Temperature Coefficient 

(Note 2) 



0.01 

%/°C 

Input Leakage 




1 

mA 

Logical “1" Input Voltage 

All Inputs 

Vss-1.0 


Vss 

V 

Logical “0" Input Voltage 

All Inputs . 

VGG 


Vss-4.2 

V 

Logical Input Leakage 

Ta = 25°C, All Inputs, V| L = 

v S s -lov 



1 

mA 

Logical ”1" Output Voltage 

All Outputs, loH = 100 juA 

2.4 



V 

Logical "0" Output Voltage 

All Outputs, loL “ 1-5 mA 



0.4 

V 

Disabled Output Leakage 

T A = 25°C, All Outputs, Vol = 

Vss @ iov 



2 

mA 

Clock Frequency 

0°C<Ta<+70°C 

50 


800 

kHz 


-55°C<T A <+125°C 

100 


500 

kHz 

Clock Pulse Duty Cycle 


40 


60 

% 

TRI-STATE Enable/Disable Time 




1 

MS 

Start Conversion Pulse 

(Note 3) 

1 


3 1/2. 

Clock 






Periods 

Power Supply Current 

T A =25°C 



15 

mA 

Note 1 : Non-linearity specifications are based on best straight line. 




Note 2: Guaranteed by design only. 





Note 3: Start conversion pulse duration greater than 3 1/2 clock periods will cause conversion errors. 
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ADC0800 (MM4357B/MM5357B) 


Timing Diagram 


CLOCK 


INPUT 

OV 


+5V 

START 


CONVERSION 

OV 


+5V 

EOC 

OV 


+5V 

OUTPUT 

ENABLE 

OV 


+5V 

DATA 

OV 


mmrnnrmjLnr^ 

:n__ 

^ 40 x (1/Q - ■ - 


7 

L 50% ' J 

^ 50% 


. I 


J 

'90% 

J 

(TRI-STATE) ” t ' 

3 

10% 

ENABLE 

DELAY — 


DISABLE 

'*■ DELAY *■ 

n 


Data is complementary binary (full scale is all "0's” output). 


Application Hints 


OPERATION 

The ADC0800 contains a network with 256-30012 
resistors in series. Analog switch taps are made at the 
junction of each resistor and at each end of the net- 
work. In operation, a reference (10.00V) is applied 
across this network of 256 resistors. An analog input 
(Vin) is first compared to the center point of the 
ladder via the appropriate switch. If V||\j is larger than 
Vref/ 2, the internal logic changes the switch points 
and now compares V||\j and 3/4 VreF- This process, 
known as successive approximation, continues until the 
best match of V||\j and Vref/N is made. N now defines 
a specific tap on the resistor network. When the conver- 
sion is complete, the logic loads a binary word corres- 
ponding to this tap into the output latch and an end of 
conversion (EOC) logic level appears. The output latches 
hold this data valid until a new conversion is completed 
and new data is loaded into the latches. The data transfer 
occurs in about 200 ns so that valid data is present 
virtually all the time. Conversion requires 40 clock 
periods. The device may be operated in the free run- 
ning mode by connecting the Start Conversion line to 
the End of Conversion line. However, to ensure start-up 
under all possible conditions, an external Start Conver- 
sion pulse is required during power up conditions. 

REFERENCE 

The reference applied across the 256 resistor network 
determines the analog input range. Vref = 10.00V 
with the top of the R-network connected to 5V and the 
bottom connected to — 5V gives a ±5V range. The 
reference can be level shifted between Vss and VqG- 
However, the voltage, which is applied to the top of the 
R-network (pin 15), must not exceed Vss to prevent 
forward biasing the on-chip parasitic silicon diode 
which exists between the P-diffused resistors (pin 15) 
and the N-type body (pin 10, Vss)- Use of a standard 
logic power supply for Vss can cause problems, both 
due to initial voltage tolerance and changes over tem- 
perature. A solution is to power the Vss line (15 mA 
max drain) from the output of the op amp which is 
used to bias the top of the R-network (pin 15). The 
analog input voltage and the voltage which is applied 
to the bottom of the R-network (pin 5) must be at 


least 7V above the — Vqq supply voltage to insure 
adequate voltage drive to the analog switches . 

Other reference voltages may be used (such as 10.24V). 
If a 5V reference is used, the analog range will be 5V 
and accuracy will be reduced by a factor of 2. Thus, for 
maximum accuracy, it is desirable to operate with at 
least a 10V reference. For TTL logic levels, this requires 
5V and — 5V for the R-network. CMOS can operate at 
the 10 Vqc V S S * eve ^ anc * a single 10 VqC reference 
can be used. All digital voltage levels for both inputs and 
outputs will be from ground to Vss* 

ANALOG INPUT AND SOURCE RESISTANCE CON- 
SIDERATIONS 

The lead to the analog input (pin 12) should be kept as 
short as possible. Both noise and digital clock coupling 
to this input can cause conversion errors. To minimize 
any input errors, the following source resistance consid- 
erations should be noted: 

For R s < 5k. No analog input bypass capacitor 

required, although a 0.1 fif input 
bypass capacitor will prevent pick- 
up due to unavoidable series lead 
inductance. 

For 5k < R s <20k A 0.1 juF capacitor from the input 
(pin 12) to ground should be used. 

For R s > 20k Input buffering is necessary. 

If the overall converter system requires lowpass filtering 
of the analog input signal, use a 20 k!2 or less series 
resistor for a passive RC section or add an op amp RC 
active lowpass filter (with its inherent low output 
resistance) to insure accurate conversions. 

CLOCK COUPLING 

The clock lead should be kept away from the analog 
input line to reduce coupling. 

LOGIC INPUTS 

The logical "1" input voltage swing for the Clock, Start 
Conversion and Output Enable should be (Vss — 1.0V). 
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Application Hints (Continued) 

CMOS will satisfy this requirement but a pull-up resistor 
should be used for TTL logic inputs. 

RE-START AND DATA VALID AFTER EOC 

The EOC line (pin 9) will be in the low state for a maxi- 
mum of 40 clock periods to indicate “busy”. A START 
pulse which occurs while the A/D is BUSY will reset the 
SAR and start a new conversion with the EOC signal 
remaining in the low state until the end of this new 
conversion. When the conversion is complete, the EOC 
line will go to the high voltage state. An additional 4 
clock periods must be allowed to elapse after EOC goes 
high, before a new conversion cycle is requested. Start 
Conversion pulses which occur during this last 4 clock 
period interval may be ignored (see Figures 1 and 2 for 
high speed operation). This is only a problem for high 
conversion rates and keeping the number of conver- 
sions per second less than (1/44) x fCLOCK automati- 
cally guarantees proper operation. For example, for an 
800 kHz clock, 18,000 conversions per second are 
allowed. The transfer of the new digital data to the 
output is initiated when EOC goes to the high voltage 
state. 

POWER SUPPLIES 

Standard supplies are Vss = 5V, Vqg = —12V and 
Vdd = 0V. Device accuracy is dependent on stability 
of the reference voltage and has slight sensitivity to 
VSS — VqG- Vqd has no effect on accuracy. Noise 
spikes on the Vss anc * VgG supplies can cause improper 
conversion; therefore, filtering each supply with a 
4,7 pF tantalum capacitor is recommended. 


CONTINUOUS CONVERSIONS AND LOGIC CON- 
TROL 

Simply tying the EOC output to the Start Conversion 
input will' allow continuous conversions, but an oscilla- 
tion on this line will exist during the first 4 clock periods 
after EOC goes high. Adding a D flip-flop between EOC 
(D input) to Start Conversion (Q output) will prevent 
the oscillation and will allow a stop/continuous control 
via the “clear” input. 

To prevent missing a start pulse which may occur after 
EOC goes high and prior to the required 4 clock 
period time interval, the circuit of Figure 1 can be used. 
The RS latch can be set at any time and the 4-stage 
shift register delays the application of the start pulse 
to the A/D by 4 clock periods. The RS latch is reset 
1 clock period after the A/D EOC signal goes to the low 
voltage state. This circuit also provides a Start Conver- 
sion pulse to the A/D which is T clock period wide. 

A second control logic application circuit is shown in 
Figure 2. This allows an asynchronous start pulse of 
arbitrary length less than Tq, continuously converts for 
a fixed high level and provides a single clock period 
start pulse to the A/D. The binary counter is loaded with 
a count of 1 1 when the start pulse to the A/D appears. 
Counting is inhibited until the EOC signal from the A/D 
goes high. A carry pulse is then generated 4 clock 
periods after EOC goes high and is used to reset the 
input RS latch. This carry pulse can be, used to indicate 
that the conversion is complete, the data has transferred 
to the output buffers and the system is ready for a new 
conversion cycle. 



_n_ 


_n_ 



START CONVERSION 
(TO A/D) 
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Application Hints (Continued) 


ZERO AND FULL-SCALE ADJUSTMENT 


Zero Adjustment: This is the offset voltage required at 
the bottom of the R-network (pin 5) to make the 
11111111 to 11111110 transition when the input 
voltage is 1/2 LSB (20 mV for a 10.24V scale).. In most 
cases, this can be accomplished by having a 1 k£2 pot on 
pin 5. A resistor of 475£2 can be used as a non-adjustable 
best approximation from pin 5 to ground. 


Full-Scale Adjustment: This is the offset voltage required 
at the top of the R-network (pin 15) to make the 
00000001 to 00000000 transition when the input 
voltage is 1 1/2 LSB from full-scale (60 mV less than 
full-scale for a 10.24V scale). This voltage is guaranteed 
to be within 2 LSB for the ADC0800. In most cases, 
this can be accomplished by having a 1 k£2 pot on pin 
15. ' ‘ * ‘ ‘ • 


Typical Applications 


General Connection 


Ratiometric Input Signal with Tracking Reference 



Hi-Voltage CMOS Output Levels 




0V to 10V V|n range 
0V to 10V output levels 


Level Shifted Zero and Full-Scale for Transducers 


Level Shifted Input Signal Range 




^ R1 and R2 change the effective input range 

-i 2 v bylV/IOkft 
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Typical Applications (Continued) 

VREF = 10 VpC With TTL Logic Levels 



VREF = 10 V D C With 10V CMOS Logic Levels 




OUT WITH OV INPUT 


-SV TO SV INPUT 
TO ADC0800 


Permits TTL compatible outputs with 
OV to 10V input range (OV to —10V 
input range achieved by reversing 
polarity of zener diodes and returning 
the 6.8k resistor to V~ ). 


MICROPROCESSOR INTERFACE 

Figure 3 and the following sample program are included 
to illustrate both hardware and software requirements to 
allow output data from the ADC0800 to be loaded into 
the memory of a microprocessor system. For this exam- 
ple, National's INS8060, SC/MP II, microprocessor has 
been used. 


The sample program, as shown, will start the converter, 
load the converter's output data into the accumulator, 
keep track of the number of data bytes entered, com- 
plement the data and store this data into sequential 
memory locations. After 256 bytes have been entered, 
the control jumps to the user's program where proces- 
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Typical Applications (continued) 



sing of the data entered will be implemented. A more 

Pointer 2 - ENTERED DATA (ADDR's: 0200-+ 02FF) 

practical program whereby each data byte entered will 

Data is stored in 2's complement binary 

be processed before another entry is made can easily be 

form, i.e, 01111111 -> +full-scale and 

done by jumping back to the user's program at the end 
of the interrupt routine (where the data is loaded into 

1 0000000 -* — full-scale. 

the accumulator and stored in memory). The end of 

Pointer 3- LOAD DATA SUBROUTINE (starts at 

the user's program should provide a jump back to the 

ADDR:0300) 

INITIALIZE statement to start a new conversion and 

Executed when an EOC signal generates an 

generate a new data entry. 


interrupt request via sense A after an IEN 
(interrupt enable) instruction. 

The following arbitrarily chosen addresses and pointer 

The address for the converter (0500) is unique for this 

assignments are used in this example: 


particular sample program but may not be in a user's 
system so a different converter address must be used. 

Pointer 1 - WORD COUNT (ADDR:0100) 


Note that in Figure 3 ADX and ADY for the address 

Also used to point to the A/D converter at 

decode circuitry would be address bits ADB10 and 

address 0500 for this example when data is 

ADB8 (pins 35 and 33 on the SC/MP II package) for 

to be entered. 


converter address 0500. 

SAMPLE PROGRAM TO LOAD DATA INTO MEMORY WITH SC/MP II. 

0001 08 START: 

NOP 


0002 C4 01 

LDIX,'01 


0004 35 

XPAH 1 


0005 C4 00 

LDIX'00 


0007 31 

XPAL 1 

; PI = 0100 « 

0008 C4 02 

LDIX'02 


000 A 36 

XPAH 2 


000B C4 00 

LDIX'00 


000D . C9 00 

ST(P1) 

; Zero word count (PI) 

000 F 32 

XPAL 2 

; P2 - 0200 

0010 C4 03 

LDIX'03 


0012 37 

XPAH 3 


0013 08 INITIALIZE: 

NOP 


0014 C4 00 

LDIX'00 


0016 33 

XPAL 3 

; P3 = 0300 

0017 C4 01 

LDIX'01 


0019 07 

CAS 

; Starts converter via flag 0 

001 A Cl 00 

LD (PI) 


001C F4 FF 

XRIX'FF 


001 E 98 05 

JZ DTA IN ; Test to see if word count is FF, 



if so, jump to DTA IN 

0020 05 

IEN 

; Enables INTERRUPT 

0021 08 LOOP: 

NOP 


0022 90 FE 

JMP LOOP ; Loop until EOC 

0024 08 DTA IN: 

NOP 

; User program to process data 

:DATA ENTRY SUBROUTINE 


0300 08 DATA IN SR: 

NOP 


0301 A9 00 

ILD (PI) 

; Increment word count 

0303 C4 05 

LDIX'05 


0305 35 

XPAH 1 

; PI will point to converter • 

0306 Cl 00 

LD (PI) 

; Converter data loaded into 
accumulator 

0308 F4 7F 

XRIX'7F 

; Put data in 2's complement form 

030A CE 01 

ST@1(P2) ; Store data 

030C C4 00 

LDIX'00 

. 

030E 07 - 

CAS 

; Resets flag 0 

030 F C4 01 

LDIX'01 


,0311 35 

XPAH 1 

; Resets PI to point at word count 

0312 C4 13 

LDIX'13 


0314 33 

XPAL 3 


0315 3F 

XPPC3 

; Return to INITIALIZE to start a 
newconversion 
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Typical Applications (Continued) 



• Setting flag 0 (FLGO = 1) with software, starts conversion (FLGO must be cleared before another conversion can be initiated) 

• With interrupt enabled an EOC will force an interrupt. Interrupt subroutine should load converter data into the accumulator. 

• Output data is in complementary offset binary form 

• Numbers in parentheses denote pin numbers of SC/MP chip 

*ADX and ADY can be any of the address lines but they must be high only at the time the converter output data is to be put on the data bus 
(i.e., the converter must have its own unique address) 

FIGURE 3. Interfacing to the SC/MP II Microprocessor 


i 
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Typical Applications (Continued) 

TESTING THE A/D CONVERTER 

There are many degrees of complexity associated with 
testing an A/D converter. One of the simplest tests is to 
apply a known analog input voltage to the converter 
and use LED's to display the resulting digital output 
code as shown in Figure 4. Note that the LED drivers 
invert the digital output of the A/D converter to provide 
a binary display. A lab DVM can be used if a precision 
voltage source is not available. After adjusting the zero 
and full-scale, any number of points can be checked, 
as desired. 

For ease of testing, a 10.24 Vqc reference is recom- 
mended for the A/D converter. This provides an LSB of 
40 mV (10.240/256). To adjust the zero of the A/D, an 
analog input voltage of 1/2 LSB or 20 mV should be 


applied and the zero adjust potentiometer should be set 
to provide a flicker on the LSB LED readout with all the 
other display LEDs OFF. 

To adjust the full-scale adjust potentiometer, an analog 
input which is 11/2 LSB less than the reference (10.240— 
0.060 or 10.180 Vqq) should be applied to the analog 
input and the full-scale adjusted for a flicker on the LSB 
LED, but this time with all the other LEDs ON. 

A complete circuit for a simple A/D tester is shown in 
Figure 5. Note that the clock input voltage swing and 
the digital output voltage swings are from 0V to 10.24V. 
The MM74C901 provides a voltage translation to 5V 
operation and also the logic inversion so the readout 
LEDs are in binary. 


DC ANALOG 
INPUT VOLTAGE 



V + 


FIGURE 4. Basic A/D Tester 



FIGURE 5. Complete Basic Tester Circuit 
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Typical Applications (Continued) 

The digital output LED display can be decoded by 
dividing the 8 bits into the 4 most significant bits and 
4 least significant bits. Table I shows the fractional 
binary equivalent of these two 8-bit groups. By adding 
the decoded voltages which are obtained from the col- 
umn: "Input Voltage Value with a 10.240 Vref'' of 
both the MS and LS groups, the value of the digital 
display can be determined. For example, for an output 
LED display of "1011 0110" or "B6" (in hex) the 
voltage values from the table are 7.04 + 0.24 or 


7.280 Vdc* These voltage values represent the center 
values of a perfect A/D converter. The input voltage has 
to change by ±1/2 LSB (±20 mV), the "quantization 
uncertainty" of an A/D, to obtain an output digital code 
change. The effects of this quantization error have to be 
accounted for in the interpretation of the test results. 
A plot of this natural error source is shown in Figure 6 
where, for clarity, both the analog input voltage and the 
error voltage are normalized to LSBs. 


TABLE I. DECODING THE DIGITAL OUTPUT LEDs 


HEX 

BINARY 

FRACTIONAL BINARY VALUE FOR 

INPUT VOLTAGE 

VALUE WITH 

10.24 Vref 

MS GROUP 

LS GROUP 

MS GROUP 

LS GROUP 

F 

1111 

15/16 

15/256 

9.600 

0.600 

E 

1110 

• 7/8 

7/128 

8.960 

0.560 

D 

110 1 

13/16 

13/256 

8.330 

0.520 

C 

110 0 

3/4 

3/64 

7.680 

0.480 

B 

10 11 

11/16 

11/256 

7.040 

0.440 

A 

10 10 

5/8 

5/128 

6.400 

0.400 

9 

10 0 1 

9/16 

9/256 

5.760 

0.360 

8 

10 0 0 

1/2 

1/32 

5.120 

0.320 

7 

0 111 

7/16 

7/256 

4.480 

0.280 

6 

0 110 

3/8 

3/128 

3.840 

0.240 

5 

0 10 1 

5/16 

5/256 

3.200 

0.200 

4 

0 10 0 

1/4 

1/64 

2.560 

0.160 

3 

0 0 11 

3/16 

3/256 

1.920 

0.120 

2 

0 0 10 

1/8 

1/128 

1.280 

0.080 

1 

0 0 0 1 

1/16 

1/256 

0.640 

0.040 

0 

0 0 0 0 



0 

0 



FIGURE 6. Error Plot of a Perfect A/D Showing Effects of Quantization Error 
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Typical Applications (Continued) 

A low speed ramp generator can also be used to sweep 
the analog input voltage and the LED outputs will 
provide a binary counting sequence from zero to full- 
scale. 

The techniques described ' so’ far are suitable for an 
engineering evaluation or a quick check on performance. 
For a higher speed test system, or to obtain plotted 
data, a digital-to-analog converter is needed for the 
test set-up. An accurate 10-bit DAC can serve as the 
precision voltage source for the A/D. Errors of the A/D 
under test can be provided as either analog voltages or 
differences in two digital words. 

A basic A/D tester which uses a DAC and provides the 
error as an analog output voltage is shown in Figure 7. 
The 2 op amps can be eliminated if a lab DVM with a 
numerical subtraction feature is available to directly 
readout the difference voltage, "A-C". The analog 


input voltage can be supplied by a low frequency ramp 
generator and an X-Y plotter can be used to provide 
analog error (Y axis) versus analog input (X axis). The 
construction details of a tester of this type are provided 
in the NSC application note AN-179, "Analog-to- 
Digital Converter Testing". 

For operation with a microprocessor or a computer- 
based test system, it is more convenient to present the 
errors digitally. This can be done with the circuit of 
Figure 8 where the output code transitions can be 
detected as the 10-bit DAC is incremented. This provides 
1/4 LSB steps for the 8-bit A/D under test. If the results 
of this test are automatically plotted with the analog 
input on the X axis and the error (in LSB's) as the Y 
axis, a useful transfer function of the A/D under test 
results. For acceptance testing, the plot is not necessary 
and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 




FIGURE 8. Basic "Digital" A/D Tester 


Connection Diagram 

Dual-In-Line Package 

R- 

NET- 
WORK LSB 

V 0 0 2-5 2-6 TOP 2' 7 2~® V|N CLOCK V ss 



Order Number ADC0800PD (-55° C to +125°C) 
or ADC0800PCD (0°C to +70°C) 

See NS Package D18A 
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National 

Semiconductor 


A to D, D to A 
ADC0801, ADC0802, ADC0803, ADC0804 8-Bit fi? 


Compatible A/D Converters 

General Description 

The ADC0801, ADC0802, ADC0803, ADC0804 are 
CMOS 8-bit f successive approximation A/D converters 
which use a modified potentiometric ladder— similar to 
the 256R products. They are designed to meet the NSC 
MICROBUS™ standard to allow operation with the 
8080A control bus, and TRI-STATE® output latches 
directly drive the data bus. These A/Ds appear like 
memory locations or I/O ports to the microprocessor 
and no interfacing logic is needed. 

A new differential analog voltage input allows increasing 
the common-mode rejection and offsetting the analog 
zero input voltage value. In addition, the voltage refer- 
ence input can be adjusted to allow encoding any smaller 
analog voltage span to the full 8 bits of resolution. 

Features 

■ MICROBUS (8080A) compatible— no interfacing logic 
needed 

■ Easy interface to all microprocessors, or operates 
"stand alone" 


° Differential analog voltage inputs 

■ Logic inputs and outputs meet T^L voltage level 
specifications 

■ Works with 2.5V (LM336) voltage reference 

H On-chip clock generator 

■ OV to 5V analog input voltage range with single 5V 
supply 

■ No zero adjust required 

■ 0.3" standard width 20-pin DIP package 

Key Specifications 

■ Resolution 8 bits 

■ Total error ±1/4 LSB, ±1/2 LSB and ±1 LSB 

■ Conversion time 100 {is 

■ Access time 135 ns 

■ Single supply 5 Vpc 

■ Operates ratiometrically or with 5 Vqc* 2.5 Vdc* 
or analog span adjusted voltage reference 


Typical Application 


Connection Diagram 


ADC 080X 
Dual-In-Line Package 
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Absolute Maximum Ratingswotesi and 2 ) Operating Ratings (Notes i and 2 ) 

Supply Voltage (Vcc) (Note 3) 6.5V Temperature Range (Note 1 ) T[ywvj < T A < T|y| A x 

Voltage at Any Input -0.3V to (V C c +0.3V) ADC0801/02/03 LD -55°C < T A < +125°C 

Storage Temperature Range -65°C to +150°C ADC0801/02/03/04 LCD -40°C < T A < +85°C 

Package Dissipation at T A = 25°C 875 mW A DC080 1/02/03/04 LCN 0°C < T A < 70°C 

Lead Temperature (Soldering, 10 seconds) 300°C Range of Vcc (Note 1 ) 4.5 Vqq to 6.3 Vqc 

Electrical Characteristics 

Converter Specifications: 

Vcc = 5 VpC' Vref/2 = 2.500 Vdc- t MIN < T A < T MAX and f CLK = 640 kHz unless otherwise stated. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ADC0801 : 

Total Adjusted Error (Note 8) 

ADC0802: 

Total Unadjusted Error 

(Note 8) 

ADC0803: 

Total Adjusted Error (Note 8) 

ADC0804: 

Total Unadjusted Error 
(Note 8) 

VREF/2 Input Resistance 

Analog Input Voltage Range 

DC Common-Mode Rejection 

Power Supply Sensitivity 

With Full-Scale Adj. 

Completely Unadjusted 

With Full-Scale Adj. 

Completely Unadjusted 

Input Resistance at Pin 9 

(l^lote 4) V(+) or V(-) 

Over Analog Input Voltage Range 

VCC =5 V DC ±10%Over 

Allowed V 1 1 \] (+) and V | (\j (— ) 

Voltage Range (Note 4) 

1.0 

Gnd— 0.05 

.1.3 

±1/16 

±1/16 

±1/4 

’ ±1/2 

±1/2 

±1 

VcC + 0-05 

±1/8 . 

±1/8 

LSB 

LSB 

LSB 

LSB 

ka 

VDC 

LSB 

LSB 

Electrical Characteristics 









Timing Specifications: Vcc = 5 Vpc and ~ 25°C unless otherwise noted. 








PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

f CLK 

Clock Frequency 


Vcc = 6V, (Note 5) 


100 

640 

1280 

kHz 

' 



< 

0 

0 

1! 

CJl 

< 


100 

640 

800 

kHz 

T C 

Conversion Time 


(Note 6) 


66 



73 

1/fCLK 

CR 

Conversion Rate In Free-Running 

INTR tied to WR with 






8770 

conv/s 


Mode 


CS = 0 V DC , fCLK = 640 kHz 







tW(WR)L 

Width of WR Input (Start Pulse 

CS == 0 Vqc (Note 7) 


100 






Width) 










t ACC 

Access Time (Delay from 

CL=100pF 




135 




Falling Edge of RD to Output 

(Use Bus Driver 1C for 









Data Valid) 


Larger Cl) 








tIH.tOH 

TRI-STATE Control (Delay 

Cl=10pF, R L = 10k 




125 

250 



from Rising Edge of RD to 

(See TRI-STATE Test 









Hi-Z State) 


Circuits) 








twi 

Delay from Falling Edge 





300 

450 



of WR to Reset of INTR 









C|N 

Input Capacitance of Logic 





5 


7.5 



Control Inputs 










COUT 

TRI-STATE Output 






5 


7.5 



Capacitance (Data Buffers) 
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Electrical Characteristics 






Digital Levels and DC Specifications: 

Vqc = 5 V DC and T j [sj <Ta <T|yjAX unless otherwise noted. 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

CONTROL INPUTS [Note: CLK IN (pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately] 

V|N (D 

Logical "1" Input Voltage 
(Except Pin 4 CLK IN) 

V C C = 5.25 V DC 

2.0 


15 

Vdc 

V| N (0) 

Logical "0" Input Voltage 
(Except Pin 4 CLK IN) 

Vcc = 4.75 V DC 



0.8 

Vdc 

V T + 

CLK IN (Pin 4) Positive Going 

Threshold Voltage 


2.7 

3.1 

3.5 

vdc 

Vj- 

CLK IN (Pin 4) Negative Going 
Threshold Voltage 


1.5 

1.8 

2.1 

v dc 

V H 

CLK IN (Pin 4) Hysteresis 
(V T +) - (V T ~) 


0.6 

1.3 

2.0 

Vdc 

•iN 0) 

Logical "1” Input Current 
(All Inputs) 

V|N = 5 V DC 


0.005 

1 

mAdc 

l|N(0) 

Logical "0" Input Current 
(All Inputs) 

V|N = 0 Vdc 

-1 

-0.005 


MAdc 

•CC 

Supply Current (Includes 

Ladder Current) 

fCLK = 640 kHz, 
Ta= 25°C and CS="1" 


1.3 

2.5 

mA 

DATA OUTPUTS AND INTR 

VoUT (0) Logical "0" Output Voltage 

' 

Iq = 1 .6 mA 

V C C = 4.75 v dc 



0.4 

Vdc 

VquT (1) Logical "1" Output Voltage 

1(3 = “360 /iA 

V C C = 4.75V DC 

2.4 



vdc 

•out 

TRI-STATE Disabled Output 

Leakage (All Data Buffers) 

vout = o Vdc 
vout = s Vqc 

-3 


3 

aAdc 

mAdc 

Output Short Circuit Current 

•source 

•sink 

Ta = 25° C 

VoUT Short to Gnd 

vqut short to vcc 

4.5 

9.0 

6 

16 


mAoc 

mAoc 

Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd. 
Note 3: A zener diode exists, internally, from Vqq to Gnd and has a typical breakdown voltage of 7 Vqq. 

Note 4: For V|j\j(-) > Vjn(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) 
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vqq supply. Be careful, 
during testing at low Vqq levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct— especially at elevated temperatures, 
and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as the analog V|n 
does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 0 Vqq to 5 Vqq input voltage 
range will therefore require a minimum supply voltage of 4.950 Vqq over temperature variations, initial tolerance and loading. 

Note 5: With Vqq = 6V, the digital logic interfaces are no longer TTL compatible. 

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion 
process. 

Note 7: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide 
pulse width will hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see 
timing diagrams). 

Note 8: None of these A/Ds requires a zero adjust. However, if an all zero code is desired for an analog input other than 0.0V, or if a narrow 
full-scale span exists (for example: 0.5V to 4.0V full-scale) the Vj N (— ) input can be adjusted to achieve this. See section 2.5 and Figure 19. 
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TRI-STATE Test Circuits and Waveforms 

tiH t1H,C|_ = 10pF 

v cc 



DATA 

OUTPUT 


tOH 

Vcc v cc 


tOH' C L = 10 P p 


Timing Diagrams 



DATA 

OUTPUT 



t = 20 ns 


START 

CONVERSION 


\ 


/ 




ACTUAL INTERNAL 
STATUS OF THE • 
CONVERTER 


(LAST DATA WAS READ) 


(LAST DATA WAS NOT READ) 


tW(WR)L 


/ 


■ i to a x i/f CLK 




- INTERNAL T C - 


T 


DATA IS VALID IN 
OUTPUT LATCHES 




■1/2TCLK, 


Output Enable and Reset INTR 



1.0 UNDERSTANDING A/D ERROR SPECS 

A perfect A/D transfer characteristic (staircase wave- 
form) is shown in Figure la. The horizontal scale is 
analog input voltage and the particular points labeled are 
in steps of 1 LSB (19.53 mV with 2.5V tied to the 
Vref/ 2 pin). The digital output codes which correspond 
to these inputs are shown as D— 1, D, and D+1. For 
the perfect A/D, not only will center-value (A— 1, A, 
A+1, . . .) analog inputs produce the correct output 


digital codes, but also each riser (the transitions between 
adjacent output codes) will be located ±1/2 LSB away 
from each center-value. As shown, the risers are ideal and 
have no width. Correct digital output codes will be 
provided fdr a range of analog input voltages which ex- 
tend ±1/2 LSB from the ideal center-values. Each tread 
(the range of analog input voltage which provides the 
same digital output code) is therefore 1 LSB wide. 
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Figure 1b shows worst case error, plot for ADC0801. 
All center-valued inputs are guaranteed to produce the 
correct output codes and the adjacent risers are guaran- 
teed to be no closer to the center-value points than 
±1/4 LSB. In other words, if we apply an analog input 
equal to the center-value ±1/4 LSB, we guarantee that 
the A/D will produce the correct digital code. The 
maximum range of the position of the code transition is 
indicated by the horizontal arrow and it is guaranteed to 
be no more than 1/2 LSB. 

The error curve of Figure 1c shows worst case error plot 
for ADC0802. .Here we guarantee that if we apply an 
analog input equal to the LSB analog voltage center-value 
the A/D will produce the correct digital code. 


Next to each transfer function is shown the correspond- 
ing error plot. Many people may be more familiar with 
error plots than transfer functions. The analog input 
voltage to the A/D is provided by either a linear ramp or 
by the discrete output steps of a high resolution DAC. 
Notice that the error is continuously displayed and 
includes the quantization uncertainty of the A/D. For 
example the error at point 1 of Figure la is +1/2 LSB 
because the digital code appeared 1/2 LSB in advance of 
the center-value of the tread. The error plots always have 
a constant negative slope and the abrupt upside steps 
are always 1 LSB in magnitude. 


Transfer Function 



Error Plot 



QUANT. 

ERROR 


a) Accuracy = ±0 LSB A Perfect A/D 


Transfer Function 



Transfer Function 


ANALOG INPUT (V JN ) 


Error Plot 



ANALOG INPUT (V (N ) 


b) Accuracy = ±1/4 LSB 




ANALOG INPUT (V| N > 


c) Accuracy = ±1/2 LSB 

FIGURE 1. Clarifying the Error Specs of an A/D Converter 
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2.0 FUNCTIONAL DESCRIPTION 

The ADC0801 series contains a circuit equivalent of 
the 256R network. Analog switches are sequenced 
by successive approximation logic to match the analog 
difference input voltage [V|[\j(+) - V||\|(-)] to a corre- 
sponding tap on the R network. The most significant 
bit is tested first and after 8 comparisons (64 clock 
cycles) a' digital 8-bit binary code (1111 1111 = full- 
scale) is transferred t o an output latch and then an 
interrupt is asserted (INTR makes a high-to-low tran- 
sition). The device m ay be operated in the free-running 
mode by connecting INTR to the WR input with CS = 
0. To insure_ start-up under all possible conditions, 
an external WR pulse is required during the first power- 
up cycle. A conversion in process can be interrupted 
by issuing a second start command. 


On the high-to-low transition of the WR input the 
internal SAR latches and the shift_ register stages are 
reset. As long as the CS input and WR input remain low, 
the A/D will remain in a reset state. Conversion will 
start from 1 to 8 clock periods after at least one of these 
inputs makes a low-to-high transition . 


A functional diagram of the A/D converter is shown in 
Figure 2. All of the package pinouts are shown and the 
major logic control paths are drawn in 1 heavier weight 
lines. 

The converter is started by having CS and WR simul- 
taneously low. This sets the start flip-flop (F/F) and the 
resulting "1" level resets the 8-bit shift register, resets 
the Interrupt (INTR) F/F and inputs a "1" to the D 
flop, F/F1, which is at the input end of the 8-bit shift 
register. Internal clock signals then transfer this "1" to 
the Q output of F/F1. The AND gate, G1, combines 
this "1" output with a clock signal to provide a reset 
signal to the s tart F/F. If the set signal is no longer 
present (either WR or CS is a “1") the start F/F is reset 
and the 8-bit shift register then can Kave the "1" clocked 
in, which starts the conversion process. If the set signal 
were to still be present, this reset pulse would have no 
effect (both outputs of the start F/F would momentarily 
be at a “V level) and the 8-bit shift register would con- 
tinue to be held in the reset mode. This logic therefore 
allows for wide CS and WR signals and the converter will 
start after at least one of these signals returns high and 
the internal clocks again provide a reset signal for the 
start F/F. 



Note 1: CS shown twice for clarity. 

Note 2: SAR .= Successive Approximation Register. 


FIGURE 2. Block Diagram 
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After the "1" is clocked through the 8-bit shift register 
(which completes the SAR search) it appears as the 
input to the D flop, F/F 2. As soon as this "1" is output 
from the shift register, the AND gate, G2, causes the 
new digital word to transfer to the TRI-STATE output 
latches. When F/F 2 is subsequently clocked, the Q out- 
put makes a high-to-low transition which causes the 
INT R F/F to set. An. inverting buffer then supplies 
the INTR output signal. 

When d ata is to be read, the combination of both 
CS and RD being low will cause the INTR F/F to be 
reset and the TRI-STATE output latches will be enabled 
to provide the 8-bit digital outputs. 


which gives 
VpS 1.9V. ' 

The allowed range of analog input voltages usually places 
more severe restrictions on input common-mode noise 
levels. - 

An analog input voltage with a reduced span and a 
relatively large zero offset can be easily .handled by. 
making use of the differential input (see section 2.4 
Reference Voltage Flexibility). 

2.3 Analog Inputs 


2.1 Digital Control Inputs 

The digital control inputs (CS, RD, and WR) meet 
standard T 2 L logic voltage levels. These signals have been 
renamed when compared to the standard A/D Start and 
Output Enable labels. In addition, these inputs are active 
low to allow an easy interface to microprocessor control 
busses. For non-microprocessor based applications, the 
CS input (pin 1) can be grounded and the standard A/D 
Start function is obtained by an active low pulse applied 
at the WR input (pin 3) and the Output Enable function 
is caused by an active low pulse at the RD input (pin 2). 

2.2 Analog Differential Voltage Inputs and 
Common-Mode Rejection 

This A/D has additional applications flexibility due to 
the analog differential voltage input. The V||sjH input 
(pin 7) can be used to automatically subtract a fixed 
voltage value from the input reading (tare correction). 
This is also useful in 4 mA— 20 mA current loop conver- 
sion. In addition, common-mode noise can be reduced 
by use of the differential input. 

The time interval between sampling V|f\](+) and V|f\|(-) 
is 4-1/2 clock periods. The maximum error voltage due 
to this slight time difference between the input voltage 
samples i$ given by: 

AVe(MAX) = (Vp) (27rf cm ) ( — 

\ f CLK 



where: 

AV e is the error voltage due to sampling delay 
Vp is the peak value of the common-mode voltage 
f C m > s the common-mode frequency 

As an example, to keep this error to 1/4 USB (~5 mV) 
when operating with a 60 Hz common-mode frequency, 
f cm , and using a 640 kHz A/D clock, fcLK/ would 
allow a peak value of the common-mode voltage, Vp, 
which is given by: 

_ lAVe(MAX) (fCLK)l 
P (2irf cm ) (4.5) 


or 


(5 x 10 3 ) (640 x 10 3 ) 

Vp = 

(6.28) (60) (4.5) 


2.3.1 Input Current 

Due to the internal switching action, displacement 
currents will flow at the analog inputs. This is due to on- 
chip stray capacitance to ground. The voltage on this 
capacitance is switched and will result in currents enter- 
ing the V | |Sj(+) input and leaving the V j |sj (— ) input 
which will depend on the analog differential input 
voltage levels. These current transients occur at the 
leading edge of the internal clocks. They rapidly decay 
and do not cause errors as the on-chip comparator 
is strobed at the end of the clock period. 


2.3.2 Input Bypass Capacitors 

Bypass capacitors at the inputs will average these charges 
and cause a DC current to flow through the output 
resistances of the analog signal sources. This charge 
pumping action is worse for continuous conversions 
with the V|n( + ) input voltage at full-scale. For con- 
tinuous conversions with a 640 kHz clock frequency 
with the Vj|s|(+) input at 5 V, this DC current is at a 
maximum of approximately 5 p A. Therefore, bypass 
capacitors should not be used at the analog inputs or 
the Vref/ 2 pin for high resistance sources (> 1 k!2). 
If input bypass capacitors are necessary for noise fil- 
tering and high source resistance is desirable to minimize 
capacitor size, the detrimental effects of the voltage 
drop across this input resistance, which is due to the 
average value of the input current, can be eliminated 
with a full-scale adjustment while the given source re- 
sistor and input bypass capacitor are both in place. This 
is possible because the average value of the input current 
is a precise linear function of the differential input 
voltage. 


2.3.3 Input Source Resistance 

Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors as the input 
currents settle out prior to the comparison time. If a 
low pass filter is required in the system, use a low 
valued series resistor (< 1 k!2) for a passive RC section 
or add an op amp RC active low pass filter. For low 
source resistance applications, (< 1 k 12), a 0.1 juF bypass 
capacitor at the inputs will prevent pickup due to series 
lead inductance of a long wire. A 10012 series resistor 
can be used to isolate this capacitor— both the R and C 
are placed outside the feedback loop— from the output 
of an op amp, if used. 
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2.3.4 Noise 

The leads to the analog inputs (pins 6 and 7) should be 
kept as short as possible to minimize input noise 
coupling. Both noise and undesired digital clock coupling 
to these inputs can cause system errors. The source 
resistance for these inputs should, in general, be kept 
below 5 k£2. Larger values of source resistance can cause 
undesired system noise pickup. Input bypass capacitors, 
placed from the analog inputs to ground, will eliminate 
system noise pickup but can create analog scale errors as 
these capacitors will average the transient input switching 
currents of the A/D (see section 2.3.3). This scale error 
depends on both a large source resistance and the use of 
an input bypass capacitor. This error can be eliminated 
by doing a full-scale adjustment of the A/D (adjust 
Vft|zp/2 for a proper full-scale reading— see section 2.5.2 
on Full-Scale Adjustment) with the source resistance 
and input bypass capacitor in place. 

2.4 Reference Voltage 

2.4.1 Span Adjust 

For maximum applications flexibility, these A/Ds have 
been designed to accommodate a 5 VqC' 2.5 Vqc or an 
adjusted voltage reference. This has been achieved in the 
design of the 1C as shown in Figure 3. 

Notice that the reference voltage for the 1C is either 1/2 
of the voltage which is applied to the Vcc supply pin, 
or is equal to the voltage which is externally forced at 
the Vref/ 2 pin. This allows for a ratiometric voltage 
reference using the Vcc supply, a 5 Vpc reference 
voltage can be used for the Vcc supply or a voltage less 
than 2.5 Vpc can be applied to the Vref/ 2 input for 
increased application flexibility. The internal gain to the 
Vref/ 2 input is 2 to allow this factor of 2 reduction in 
the Vrer/2 voltage. 

An example of the use of an adjusted reference voltage is 
to accommodate a reduced span— or dynamic voltage 
range of the analog input voltage. If the analog input 
voltage were to range from 0.5 Vqc to 3-5 Vdo instead 
of 0V to 5 V[)C/ the s P an would be 3V. With 0.5 VqC 
applied to the Vjn (-) pin to absorb the offset, the 
reference voltage can be made equal to 1/2 of the 3V 
span or 1.5 Vqc- The A/D now will encode the Vjn (+) 
signal from 0.5V to 3.5V with the 0.5V input cor- 
responding to zero and the 3.5 Vqc input corresponding 
to full-scale. The full 8 bits of resolution are therefore 
applied over this reduced analog input voltage range. 

2.4.2 Reference Accuracy Requirements 

The converter can be operated in a ratiometric mode or 
an absolute mode. In ratiometric converter applications, 
the magnitude of the reference voltage is a factor in both 
the output of the source transducer and the output of 
the A/D converter and therefore cancels out in the final 
digital output code. In absolute conversion applications, 
both the initial value and the temperature stability of the 
reference voltage are important accuracy factors in the 
operation of the A/D converter. For Vref/ 2 voltages of 

2.5 Vqc nominal value, initial errors of ±10 itiVdc will 
cause conversion errors of ±1 LSB due to the gain of 2 
of the Vref/2 input. In reduced span applications, the 
initial value and the stability of the Vref/ 2 input 


v cc Wref> 



voltage become even more important. For example, if 
the span is reduced to 2.5V, the analog input LSB 
voltage value is correspondingly reduced from 20 mV 
(5V span) to 10 mV and 1 LSB at the Vref/2 input 
becomes 5 mV. As can be seen, this reduces the allowed 
initial tolerance of the reference voltage and requires 
correspondingly less absolute change with temperature 
variations. Note that spans smaller than 2.5V place even 
tighter requirements on the initial accuracy and stability 
of the reference source. 

In general, the magnitude of the reference voltage will 
require an initial adjustment. Errors due to an improper 
value of reference voltage appear as full-scale errors in 
the A/D transfer function. 1C voltage regulators may be 
used for references if the ambient temperature changes 
are not excessive. The LM336B 2.5V 1C reference diode 
(from National Semiconductor) is available which oper- 
ates with a 5V input voltage and has a temperature 
stability of 1.8 mV typ (6 mV max) over 0°C < Ta < 
+70°C. Other temperature range parts are also available. 

2.5 Errors 
2.5.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, Vjjsj (MIN)' ' s 
not ground, a zero offset can be done. The converter 
can be made to output 0000 0000 digital code for this 
minimum input voltage by biasing the A/D V ||\| (— ) input 
at this V ||\| (min) value ( see Applications section). This 
utilizes the differential mode operation of the A/D. 

The zero error of the A/D converter relates to the 
location of the first riser of the transfer function and 
can be measured by grounding the V (-) input and 
applying a small magnitude positive voltage to the V (+) 
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input. Zero error is the difference between the actual 
DC input voltage which is necessary to just cause an 
output digital code transition from 0000 0000 to 0000 
0001 and the ideal 1/2 LSB value (1/2 LSB = 9.8 mV 
for Vref/2 = 2.500 Vqc)- 


updated if the conversion in process is not allowed to 
be completed, therefore the data of the previous con- 
version remains in this latch. 

2.8 Continuous Conversions 


2.5.2 Full-Scale 


The full-scale adjustment can be made by applying a 
differential input voltage which is 1-1/2 LSB down from 
the desired analog full-scale voltage range and then ad- 
justing the magnitude of the Vref/ 2 input (pin 9) for 
a digital output code which is just changing from 
1111 11 10 to 1111 1111. When offsetting the zero 
and using a span adjusted Vref/ 2 voltage, the full-scale 
adjustment is made by inputting V|\/||N to the V||\] H 
input of the A/D and applying' a voltage to the V||\] (+) 
input which is given by: 


V|N (+) fs adj = VmaX— 1-5 


(Vmax-vm-in) 

256 


where: 


For operation in the free-running mode an initializing 
pulse should be used, following power-up, to insure 
circuit operation. Jn_ this application, th e CS input is 
grounded and the W R input is tied to the INTR output. 
This WR and INTR node should be momentarily forced 
to logic low following a power-up cycle to guarantee 
operation. 

2.9 Driving the Data Bus 

This MOS A/D, like MOS microprocessors and mem- 
ories, will require a bus driver when the total capacitance 
of the data bus gets large. Other circuitry, which is tied 
to the data bus, will add to the total capacitive loading, 
even in TRI-STATE (high impedance mode). Backplane 
bussing also greatly adds to the stray capacitance of the 
data bus. 


VmaX = The high end of the analog input range 
and 

Vmin = the low end (the offset zero) of the analog 
range. (Both are ground referenced.) 

2.6 Clocking Option 


There are some alternatives available to the designer to 
handle this problem. Basically, the capacitive loading of 
the data bus slows down the response time, even though 
DC specifications are still met. For systems operating 
with a relatively slow CPU clock frequency, more time is 
available in which to establish proper logic levels on the 
bus and therefore higher capacitive loads can be driven 
(see typical characteristics curves). 


The clock for the A/D can be derived from the CPU 
clock or an external RC can be added to provide self- 
clocking. The CLK IN (pin 4) makes use of a Schmitt 
trigger as shown in Figure 4. 




f CLK 


1.1 RC 


R = 10 kfl 


FIGURE 4. Self-Clocking the A/D 


Heavy capacitive or DC loading of the clock R pin 
should be avoided as this will disturb normal converter 
operation. Loads less than 50 pF, such as driving up to 7 
A/D converter clock inputs from a single clock R pin of 
1 converter, are allowed. For larger clock line loading, a 
CMOS or low power T^L buffer or PNP input logic 
should be used to minimize the loading on the clock 
R pin (do not use a standard T^L buffer). 

2.7 Restart During a Conversion 

If the A/D is restarted (CS and WR go low and return 
high) during a conversion, the converter is reset and a 
new conversion is started. The output data latch is not 


At higher CPU clock frequencies time can be extended 
for I/O reads (and/or writes) by inserting wait states 
(8080) or using clock extending circuits (6800). 

Finally, if time is short and capacitive loading is high, 
external bus drivers must be used. These can be TRI- 
STATE buffers (low power Schottky is recommended 
such as the DM74 LS240 series) or special higher drive 
current products which are designed as bus drivers. 
High current bipolar bus drivers with PNP inputs are 
recommended. 

2.10 Power Supplies 

Noise spikes on the Vcc supply line can cause conversion 
errors as the comparator will respond to this noise. A 
low inductance tantalum filter capacitor should be used 
close to the converter Vqc P' n anc * values of 1 pF or 
greater are recommended. If an unregulated voltage is 
available in the system, a separate LM340LAZ-5.0, 
TO-92, 5V voltage regulator for the converter (and 
other analog circuitry) will greatly reduce digital noise 
on the Vcc supply. 

2.11 Wiring and Hook-Up Precautions 

Standard digital wire wrap sockets are not satisfactory 
for breadboarding this A/D converter. Sockets on PC 
boards can be used and all logic signal wires and leads 
should be grouped and kept as far away as possible from 
the analog signal leads. Exposed leads to the analog 
inputs can cause undesired digital noise and hum pickup, 
therefore shielded leads may be necessary in many\ap- 
plications. 
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A single point analog ground should be used which is 
separate. from the logic ground points. The power supply 
bypass capacitor and the self-clocking capacitor (if used) 
should both be returned to digital ground. Any V ref/2 
bypass capacitors, analog input filter capacitors, or input 
signal shielding should be returned to the analog ground 
point. A test for proper grounding is to measure the 
zero error of the A/D converter. Zero errors in excess of 
1/4 LSB can usually be traced to improper board layout 
and wiring (see section 2.5.1 for measuring the zero 
error). 

3.0 TESTING THE A/D CONVERTER 

There are many degrees of complexity associated with 
testing an A/D converter. One of the simplest tests is to 
apply a known analog input voltage to the converter and 
use LEDs to display the resulting digital output code as 
shown in Figure 5. 

For ease of testing, the Vref/2 (pin 9) should be 
supplied with 2.560 Vpc anc * a ^CC supp *Y vo * ta 9 e °f 
5.12 Vpc should be used. This provides an LSB value 
of 20 mV. 

If a full-scale adjustment is to be made, an analog input 
voltage of 5.090 Vpc (5.120 - 1 1/2 LSB) should be 
applied to the V||\|(+) pin with the V||sj ( — ) pin grounded. 
The value of the Vref/2 input voltage should then 
be adjusted until the digital output code is just changing- 
from 1111 1110 to 1111 1111. This value of Vref/2 
should then be used for all the tests. 

The digital output LED display can be decoded by 
dividing the 8 bits into 2 hex characters, the 4 most 
significant (MS) and the 4 least significant (LS). Table I 
shows the fractional binary equivalent of these two 4-bit 
groups. By adding the decoded voltages which are ob- 
tained from the column: Input voltage value for a 2.560 
Vref/2 of both the MS and the LS groups, the value of 

10k 


the digital display can be determined. For example, for 
an output LED display of 1011 01 10 or B6 (in hex), the 
voltage values from the table are 3.520 + 0.120 or 
3.640 Vqq. These voltage values represent the center- 
values of a perfect A/D converter. The effects of quanti- 
zation error have to be accounted for in the interpreta- 
tion of the test results. 

For a higher speed test system, or to obtain plotted 
data, a digital-to-analog converter is needed for the test 
set-up. An accurate 10-bit DAC can serve as the precision 
voltage source for the A/D. Errors of the A/D under test 
can be provided as either analog voltages or differences 
in 2 digital words. 

A basic A/D tester which uses a DAC and provides the 
error as an analog output voltage is shown in Figure 6. 
The 2 op amps can be eliminated if a lab DVM with a 
numerical subtraction feature is available to directly 
readout the difference voltage, "A— C". The analog 
input voltage can be supplied by a low frequency ramp 
generator and an X-Y plotter can be used to provide 
analog error (Y axis) versus analog input (X axis). The 
construction details of a tester of this type are provided 
in the NSC application note AN-179, "Analog-to-Digital 
Converter Testing”. 

For operation with a microprocessor or a computer- 
based test system, it is more convenient to present the 
errors digitally. This can be done with the circuit of 
Figure 7, where the output code transitions can be 
detected as the 10-bit DAC is incremented. This provides 
1/4 LSB steps for the 8-bit A/D under test. If the results 
of this test are automatically plotted with the analog 
input on the X axis and the error (in LSB's) as the Y 
axis, a useful transfer function of the A/D under test 
results. For acceptance testing, the plot is not necessary 
and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 


FIGURE 5. Basic A/D Tester 


FIGURE 7. Basic "Digital" A/D Tester 
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TABLE I. DECODING THE DIGITAL OUTPUT LEDs 


HEX 

BINARY 

FRACTIONAL BINARY VALUE FOR 

OUTPUT VOLTAGE 
CENTER VALUES 

WITH 

V REF /2 = 2.560 V DC 

MS GROUP 

LS GROUP 

VMS GROUP* 

VLS GROUP* 

F 

1111 

15/16 

15/256 

4.800 

0.300 

E 

111 0 

7/8 

7/128 

4.480 

0.280 

D. 

110 1 

13/16 

13/256 

4.160 

0.260 

C 

110 0 

3/4 

3/64 

3.840 

0.240 

B 

10 11 

11/16 

11/256 

3.520 

0.220 

A 

10 10 

5/8 

5/128 

3.200 

0.200 

9 

10 0 1 

9/16 

9/256 

2.880 

0.180 

8 

10 0 0 

1/2 

1/32 

2.560 


7 

0 111 

7/16 

7/256 

2.240 

0.140 

6 

0 110 

3/8 

3/128 

1.920 

0.120 

5 

0 10 1 

5/16 

5/256 

1.600 

0.100 

4 

0 10 0 

1/4 

1/64 

1.280 

0.080 

3 

0 0 11 

3/16 

3/256 

0.960 


2 

0 0 10 

1/8 

1/128 

0.640 

0.040 

1 

0 0 0 1 

1/16 

1/256 

0.320 

0.020 

0 

0 0 0 0 



0 



*V Display Output = VMS Group + VLS Group 


4.0 MICROPROCESSOR INTERFACING 

To discuss the interface with 8080A, 6800 and SC/MP-II 
microprocessors, a common sample subroutine structure 
is used. The microprocessor starts the A/D, reads and 
stores the results of 16 successive conversions, then re- 
turns to the user's program. The 16 data bytes are stored 
at location 0200 to 020F. All Data and Addresses 
will be given in hexadecimal form. Software and hard- 
ware details are provided separately for each type of 
microprocessor. 


4.1 Interfacing 8080 Microprocessor Derivatives 
(8048, 8085) 

This converter has been designed to directly interface 
with an 8080A-2 microprocessor (MICROBUS class 2). 
The A/D can be mapped into memory space (using 
standar d m emory address decoding for CS and the 
MEMR and MEMW strob es) or i t can be con trolled as an 
I/O device by using the I/O R and I/O W strobes and 
decoding the address bits A0 -> A7 (or address bits 
A8 -> A15 as they will contain the same 8-bit address 
information) to obtain the CS input. Using the I/O 
space provides 256 additional addresses and may allow 
a simpler 8-bit address decoder but the data can only 
be input to the accumulator. To make use of the ad- 
ditional memory reference instructions, the A/D should 
be mapped into memory space. An example of an A/D 
in I/O space in shown in Figure 8. 


The stan dard control bus signals of the 8080 (CS, RD 
and WR) can be directly wired to the digital control in- 
puts of the A/D and the bus timing requirements are met 
to allow both starting the converter and outputting the 
data onto the data bus. A bus driver should be used for 
larger microprocessor systems wherethe data bus leaves 
the PC board and/or must drive capacitive loads larger 
than 100 pF. 

4.1.1 Sample 8080A CPU Interfacing Circuitry and 
Program 

The following sample program and associated hardware 
may be used to input data from the converter to the 
INS8080A CPU chip set (comprised of the INS8080A 
microprocessor, the INS8228 system controller and the 
INS8224 clock generator). For simplicity, the A/D is 
controlled as an I/O device, specifically an 8-bit bi- 
directional port located at an arbitrarily chosen port 
address, E0. The TRI-STATE output capability of the 
A/D eliminates the need for a peripheral interface device, 
however address decoding is still required to generate the 
appropriate CS for the converter. 

It is important to note that in systems where the A/D 
converter is 1-of-8 or less I/O mapped devices, no address 
decoding circuitry is necessary. Each of the 8 address 
bits (A0 to A7) can be directly used as CS inputs— one 
for each I/O device. 
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Note 1: *Pin numbers for the INS8228 system controller, others are INS8080A. 

Note 2: Pin 23 of the INS8228 must be tied to +12V through a 1 kn resistor to generate the RST 7 
instruction when an interrupt is acknowledged as required by the accompanying sample program. 

FIGURE 8. ADC0801— INS8080A CPU Interface 


SAMPLE PROGRAM FOR FIGURE 8 ADC0801-INS8080A CPU INTERFACE 


0038 

C3 00 03 

RST 7: 

JMP LD DATA 


0100 

21 00 02 

START: 

LXI H 0200H 

HL pair will point to 





data storage locations 

0103 

31 00 04 

RETURN: 

LXI SP 0400H 

Initialize stack pointer (Note 1) 

0106 

7D 


MOV A, L 

Test # of bytes entered 

0107 

FE OF 


CPI OF H 

If #= 16. JMP to 

0109 

CA 13 01 


JZ CONT 

user program 

010C 

D3 E0 


OUT E0 H 

Start A/D 

010E 

FB 


El 

Enable interrupt 

010F 

00 

LOOP: 

NOP 

Loop until end of 

0110 

C3 OF 01 


JMP LOOP 

conversion 

0113 


CONT: 




DB EO 

77 

23 

C3 03 01 


(User program to 
process data) 


IN EO H 
MOV M, A 
INX H 

JMP RETURN 


Load data into accumulator 
Store data 

Increment storage pointer 


Note 1: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack. 
Note 2: All addresses used were arbitrarily chosen. 
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4.2 Interfacing the Z-80 


The Z-80 control bus is slightly different from that of 
the 8080. General RD and WR stro bes are provided and 
separa te memory request, MREQ, and I/O request, 
IORQ, signals are used which have to be combined with 
the generalized strobes to provide the equivalent 8080 
signals. An advantage of operating the A/D in I/O space 
with the Z-80 is that the CPU will automatically insert 
one wait state (the RD and WR strobes are extended one 
clock period) to allow more time for the I/O devices to 
respond. Logic to map the A/D in I/O space is shown in 
Figure 9. 



3>^> 

— <3T- 

ADC0801, 

n?RQ ' p - 1 


AQC0802, 

ADC0803, 

WR ►" 1 o| 


ADC0804 


MM74C32 

FIGURE 9. Mapping the A/D as an I/O device 
for use with the Z-80 CPU 

Additional I/O advantages exist as software DMA rou- 
tines are available and use can be made of the output 
data transfer which exists on the upper 8 address lines 
(A8 to A15) during I/O input instructions. For example, 
MUX channel selection for the A/D can be accomplished 
with this operating mode. 


4.3 Interfacing 6800 Microprocessor Derivatives 
(6502, etc.) 

The control bus for the 6800 microprocessor derivatives 
does not use the RD _and WR strobe signals. Instead it 
employs a single R/W line and additional timing, if 
needed, can be derived from the 02 clock. All I/O 
devices are memory mapped in the 6800 system, and a 
special signal, VMA, indicates that the current address is 
valid. Figure 10 shows an interface schematic where the 
A/D is memory mapped in the 6800 system. For sim- 
plicity, the CS decoding is shown using 1/2 DM8092. 
Not e that in many 6800 systems, an already decoded 
4/5 line is brought out to the common bus at pin 21. 
This can be tied directly to the CS pin of the A/D, pro- 
vided that no other devices are addressed at HEX 
ADDR: 4XXX or 5XXX. 

The following subroutine essentially performs the same 
function as in the case of the 8080A interface and it can 
be called from anywhere in the user's program. 

In Figure 11 the ADC0801 series is interfaced to the 
M6800 microprocessor through (the arbitrarily chosen) 
Port B of the MC6820 or MC6821 Peripheral Interface 
Adapter, (PIA). Here the CS pin of the A/D is grounded 
since the PIA is already memory mapped in the M6800 
system and no CS decoding is necessary. Also notice 
that the A/D output data lines are connected to the 
microprocessor bus under program control through 
the PIA and therefore the A/D RD pin can be grounded. 


SAMPLE PROGRAM FOR FIGURE 10 ADC0801-MC6800 CPU INTERFACE 


0010 

DF 36 

DATAIN 

STX 

T^MP2 

; Save contents of X 

0012 

CE 00 2C 


LDX 

#$002C 

; Upon IRQ low CPU 

0015 

FF FF F8 


STX 

$FFF8 

; jumps to 002C 

0018 

B7 50 00 


STAA 

$5000 

; Starts ADC0801 

001 B 

0E 


CLI 



001 C 

3E 

CONVRT 

WAI 


; Wait for interrupt 

001 D 

DE 34 


LDX 

TEMPI 


001 F 

8C 02 OF 


CPX 

#$020F 

; Is final data stored? 

0022 

27 14 


BEQ 

ENDP 


0024 

B7 50 00 


STAA 

$5000 

; Restarts ADC0801 

0027 

08 


INX 



0028 

DF 34 


STX 

TEMPI 


002 A 

20 F0 


BRA 

CONVRT 


002C 

DE 34 

INTRPT 

LDX 

TEMPI 


002 E 

B6 50 00 


LDAA 

$5000 

; Read data 

0031 

A7 00 


STAA 

X 

; Store it at X 

0033 

3B 


RTI 



0034 

02 00 

TEMPI 

FDB 

$0200 

; Starting address for 
; data storage 

0036 

00 00 

TEMP2 

FDB 

$0000 


0038 

CE 02 00 

ENDP 

LDX 

#$0200 

; Reinitialize TEMPI 

003 B 

DF 34 


STX 

TEMPI 


003D 

DE 36 


LDX 

TEMP2 


003 F 

39 


RTS 


; Return from subroutine 


; To user's program 


Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be 
dimensioned in the user's program. 
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Note 1 : Numbers in parentheses refer to MC6800 CPU pin out. 

Note 2: Numbers or letters in brackets refer to standard M6800 system common bus code. 

FIGURE 10. ADC0801 - MC6800 CPU Interface 



FIGURE 11. ADC0801— MC6820 PIA Interface 
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Asample interface program equivalent to the previous 
one, is shown below. The PI A Data and Control Registers 
of Port B are located at HEX addresses 8006 and 8007, 
respectively. 


4.4 Interfacing the INS8060-SC/MP-II 

The SC/MP-II interface technique with the ADC0801 
series Figure 12, is similar to the 8080A CPU interface. 


SAMPLE PROGRAM FOR FIGURE 11 ADC0801— MC6820 PIA INTERFACE 


0010 CE 00 38 

DATAIN 

LDX 

#$0038 

; URon/IRQ low CPU 

0013 FF FF F8 


STX 

$FFF8 

; jumps to 0038 

0016 B6 80 06 


LDAA 

PIAORB 

; Clear possible IRQ flags 

0019 4F 


CLRA 



001 A B7 80 07 


STAA 

PIACRB 


001 D B7 80 06 


ST A A 

PIAORB 

; Set Port B as input 

0020 0E 


CUI 



0021 C6 34 


LDAB 

#$34 


0023 86 3D 


LDAA 

#$3D 


0025 F 7 80 07 

CONVRT 

STAB 

PIACRB 

; Starts ADC0801 

0028 B7 80 07 


STAA 

PIACRB 


002 B 3E 


WAI 


; Wait for interrupt 

002C DE 40 


LDX 

TEMPI 


002 E 8C 02 OF 


CPX 

#$020 F 

; Is final data stored? 

0031 27 OF 


BEQ 

ENDP 


0033 08 


INX 



0034 DF 40 


STX 

TEMPI 


0036 20 ED 


BRA 

CONVRT 


0038 DE 40 

INTRPT 

LDX 

TEMPI 


003 A B6 80 06 


LDAA 

PIAORB 

; Read data in . 

003 D A7 00 


STAA 

X 

; Store it at X 

003 F 3B 


RTI 



0040 02 00 

TEMPI 

FDB 

$0200 

; Starting address for 




‘ 

; data storage 

0042 CE 02 00 

ENDP 

LDX 

#$0200 

; Reinitialize TEMPI 

0045 DF 40 


STX 

TEMPI 


0047 39 


RTS 


; Return from subroutine 


PIAORB 

EQU 

$8006 

; To user's program 


PIACRB 

EQU 

$8007 




*Pin numbers in parentheses are for the SC/MP CPU. 

FIGURE 12. ADC0801 - SC/MP-II Microprocessor Interface 
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The A/D is treated as a peripheral and it is mapped into 
the memory space of the SC/MP-II system. An address, 
0D00, is assigned to the A/D and the CS signal is shown 
to be decoded by a bus comparator, DM8131. The RD 
and WR pins of the A/D are tied directly to the Write 
Data Strobe, NWRS, and Read Data Strobe , NR P S, pins 
of the SC/MP-II CPU. Notice that the INTR signal 
should be inverted before being tied to the SENSE A 
pin of the SC/MP-II. A sample interface program is 
shown below. 

5.0 GENERAL APPLICATIONS 

The following applications show some interesting uses 
for the A/D. The fact that one particular microprocessor 
is used is not meant to be restrictive. Each of these appli- 


cation circuits would have its counterpart using any 
microprocessor which is desired. 

5.1 Multiple ADC0801 Series to MC6800 CPU 
Interface 

To transfer analog data from several channels to a single 
microprocessor system, a multiple converter scheme 
presents several advantages over the conventional multi- 
plexer single-converter approach. With the ADC0801 
series, the differential inputs allow individual span 
adjustment for each channel. Furthermore, all analog 
input channels are sensed simultaneously, which essen- 
tially divides the microprocessor's total system servicing 
time by the number of channels, since all conversions 
occur simultaneously. This scheme is shown in Figure 13. 


SAMPLE PROGRAM FOR FIGURE 12 ADC0801 -SC/MP-II MICROPROCESSOR INTERFACE 


0100 

08 


NOP 


0101 

C4 02 


LDI02 


0103 

35 


XPAH(PI) 


0104 

C4 0D 


LDI0D 


0106 

36 


XPAH(P2) 


0107 

C4 03 


LDI03 


0109 

37 


XPAH(P3) 


01 0A 

C4 00 


LDI00 


010C 

31 


XPAL(PI) 

; PI =0200, PI points to 1st byte address 

010D 

C4 00 


LDI00 


Q10F 

C9 11 


ST{P1+11) 

; Zero the byte count in address 0211 

0112 

32 


XPAL(P2) 

; P2=0D00, P2 points to A/D 

0113 

CA 00 

START: 

ST(P2) 

; START the A/D 

0115 

C4 00 


LDI00 


0117 

33 


XPAL(P3) 

; P3=030Q, P3 points to DATA in sub. 

0118 

05 


IEN 

; starting address 

0119 

08 

LOOP: 

NOP 


01 1 A 

90 FE 

User's Program 

JMP(LOOP) 


one 


USER 

NOP 


01 ID 



NOP 



0300 

C2 00 

DATA IN: 

LD(P2) 

; Load A/D data into accumulator 

0302 

CD 01 


ST@1 (PI ) 

; Store A/D data and increment byte 
; address 

0304 

A9 11 


. 1 LD(P1+1 1 ) 

; increment byte count 

0306 

C4 OF 


LDI0F 


0308 

03 


SCL 


0309 

F9 11 


CAD(P1+11) 

; OF— <P1+11>: Is byte count = 16? 

030B 

9B 03 


JZ(USER) 

; If byte count = 16 jump to user's 
; program 

030 D 

C4 13 


LDI13 


030 F 

33 


XPAL(P3) 

; P3=01 13 

0310 

3F 


XPPC(P3) 

; Go to START and do another convi 
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The following schematic and sample subroutine (DATA 
IN) may be used to interface (up to) 8 ADC0801's 
directly to the MC6800 CPU. This scheme can easily be 
extended to allow the interface of more converters. In 
this configuration the converters are (arbitrarily) located 
at HEX address 5000 in the MC6800 memory space. To 
save components, the clock signal is derived from just 
one RC pair on the first converter. This output drives the 
other A/Ds. _ , . 

All the converters are started simultaneously with* a 
STORE instruction at HEX address 5000, Note that any 
other- HEX address of the form 5XXX will be decoded 
by; the circuit, pulling all the CS inputs low. This can 
easily be avoided by using a more definitive address de- 
coding scheme. All the interrupts are ORed -together to 
insure that all A/Ds have completed their conversion 
before the microprocessor is interrupted. 

The subroutine, DATA IN, may be called from anywhere 
in the user's program. Once called, this routine initializes 


the CPU, starts all the converters, simultaneously and 
waits for the interrupt signal. Upon receiving the in- 
terrupt, it reads the converters (from HEX addresses 5000 
through 5007) and stores the data successively at (arbi- 
trarily chosen) HEX addresses 0200 to 0207, before 
returning to the user's program. All CPU registers then 
Recover the original data they had before servicing DATA 
IN. 


5.2 Auto-Zeroed Differential Transducer Amplifier 
and A/D Converter 

The differential inputs of the ADC0801 series eliminate 
the need to perform a differential to single ended 
conversion for a differential transducer. Thus, one op 
amp can be eliminated since the differential to single 
ended conversion is provided by the differential input 
of the ADC0801 series. In general, a transducer preamp 
is required to take advantage of the full A/D converter 
input dynamic range. 



Note 1: Numbers in parentheses refer to MC6800 CPU pin out. 

Note 2: Numbers or letters in brackets refer to standard M6800 system common bus code. 


FIGURE 13. Interfacing Multiple A/Ds in a MC6800 System 
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PROGRAM FOR FIGURE 13 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM 


ADDRESS 

HEX CODE 


MNEMONICS 

COMMENTS 

0010 

DF 44 

DATA IN 

STX 

TEMP 

;Save Contents of X 

0012 

CE 00 2A 


LDX 

#$002A 

; Upon Fro LOW CPU 

0015 

FF FF F8 


STX 

$FFF8 

; Jumps to 002A 

0018 

B7 50 00 


STAA 

$5000 

; Starts all A/D's 

001 B 

0E 


CLI 



001 C 

3E 


WAI 


; Wait for interrupt 

001 D 

CE 50 00 


LDX. 

#$5000 


0020 

DF 40 


STX 

INDEX1 

; Reset both INDEX 

0022 

CE 02 00 


LDX 

#$0200 

; 1 and 2 to starting 

0025 

DF 42 


STX 

INDEX2 

; addresses 

0027 

DE 44 


LDX 

TEMP 


0029 

39 


RTS 


; Return from subroutine 

002A 

DE 40 

INTRPT 

LDX 

INDEX1 

;indexi->x 

002C 

A6 00 


LDAA 

X 

; Read data in from A/D at X 

002 E 

08 


INX 


increment X by one 

002 F 

DF 40 


STX 

INDEX1 

;x -> INDEX 1 

0031 

DE 42 


LDX 

INDEX2 

; INDEX2 -> X 

0033 

A7 00 


STAA 

X 

; Store data at X 

0035 

8C 02 07 


CPX 

#$0207 

;Have all A/D's been read? 

0038 

27 05 


BEQ 

RETURN 

; Yes: branch to RETURN 

003A 

08 


INX 


;No: increment X by one 

003B 

DF 42 


STX 

INDEX2 

;X -» INDEX2 

003 D 

20 EB 


BRA 

INTRPT 

; Branch to 002 A 

003F 

3B 

RETURN 

RTI 



0040 

50 00 

INDEX1 

FDB 

$5000 

;Starting address for A/D 

0042 

02 00 

INDEX2 

FDB 

$0200 

;Starting address for data storage 

0044 

00 00 

TEMP 

FDB 

$0000 



Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in 
the user's program. 


For amplification of DC input signals, a major system 
error is the input offset voltage of the amplifiers used 
for the preamp. Figure 14 is a gain of 100 differential 
preamp whose offset voltage errors will be cancelled by a 
zeroing subroutine which is performed by the INS8080A 
microprocessor system. The total allowable input offset 
voltage error for this preamp is only 50 mV for 1/4 LSB 
error. This would obviously require very precise ampli- 
fiers. The expression for the differential output voltage 
of the preamp is: 

[ 2R2 1 
1 +— + 


SIGNAL GAIN 



DC ERROR TERM GAIN 


where l x is the current through resistor R x . All of the 
offset error terms can be cancelled by making ±I X R X = 
Vosl + ^os 3 ~ V os 2. This is the principle of this 
auto-zeroing scheme. 

The INS8080A uses the 3 I/O ports of an INS8255 Pro- 
grammable Peripheral Interface (PPI) to control the auto 
zeroing and input data from the ADC0801 as shown in 
Figure 15. The PPI is programmed for basic I/O opera- 
tion (mode 0) with Port A being an input port and Ports 
B and C being output ports. Two bits of Port C are used 
to alternately open or close the 2 switches at the input 


of the preamp. Switch SW1 is closed to force the pre- 
amp's differential input to be zero during the zeroing 
subroutine and then opened and SW2 is then closed for 
conversion of the actual differential input signal. Using 
2 switches in this manner eliminates concern for the ON 
resistance of the switches as they must conduct only the 
input bias current of the input amplifiers. 

Output Port B is used as a successive approximation 
register by the 8080 and the binary scaled resistors in 
series with each output bit create a D/A converter. 
During the zeroing subroutine, the voltage at V x in- 
creases or decreases as required to make the differential 
output voltage equal to zero. This is accomplished by 
insuring that the voltage at the output of A1 is approxi- 
mately 2.5V so that a logic "1" (5V) on any output of 
Port B will source current into node V x thus raising the 
voltage at V x and making the output differential more 
negative. Conversely, a logic "0" (0V) will pull current 
out of node V x and decrease the voltage, causing the 
differential output to become more positive. For the 
resistor values shown, V x can move ±12 mV with a 
resolution of 50 mV which will null the offset error 
term to 1/4 LSB of full-scale for the ADC0801. It is 
important that the voltage levels which drive the auto- 
zero resistors be constant. Also, for symmetry, a logic 
swing of 0V to 5V is convenient. To achieve this, a 
CMOS buffer is used for the logic output signals of Port 
B and this CMOS package is powered with a stable 5V 
source. Buffer amplifier A1 is necessary so that it can 
source or sink the D/A output current. 
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Note 1 : R2 = 49.5 R1 

Note 2: Switches are CD4066BC CMOS analog switches. 

Note 3: The 9 resistors used in the auto-zero section can be ±5% tolerance. 

FIGURE 14. Gain of 100 Differential Transducer Preamp 



PREAMP 
OUTPUTS 
(FIGURE 14) 


FIGURE 15. Microprocessor Interface Circuitry for Differential Preamp 
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A flow chart for the zeroing subroutine is shown in 
Figure 16. It must be noted that the ADC0801 series 
will output an all zero code when it converts a negative 
input [ V 1 1 \| ( ) > V |[\j (+)] . Also, a logic inversion exists 
as all of the I/O ports are buffered with inverting gates. 

Basically, if the data read is zero, the differential output 
voltage is negative, so a bit in Port B is cleared to pull 
V x more negative which will make the output more 
positive for the next conversion. If the data read is not 
zero, the output voltage is positive so a bit in Port B 
is set to make V x more positive and the output more 
negative. This continues for 8 approximations and the 
differential output eventually converges to within 5 mV 
of zero. 

The actual program is given in Figure 17. All addresses 
used are compatible with the BLC 80/10 microcomputer 
system. In particular: 

Port A and the ADC0801 are at port address E4 

Port B is at port address E5 

Port C is at port address E6 

PPI control word port is at port address E7 

Program Counter automatically goes to ADDR:3C3D 

upon acknowledgement of an interrupt from the 

ADC0801 


5-3 Multiple A/D Converters in a Z-80 
Interrupt Driven Mode 

In data acquisition systems where more than one A/D 
converter (or other peripheral device) will be interrupting 
0 program execution of a microprocessor, there is ob- 
viously a need for the CPU to determine which device 
requires servicing. Figure 18 and the accompanying 
software is a method of determining which of 7 
ADC0801 converters has completed a conversion (INTR 
asserted) and is requesting an interrupt. This circuit 
allows starting the A/D converters in any sequence, 
but will input and store valid data from the converters 
with a priority sequence of A/D 1 being read first, 
A/D 2 second, etc., through A/D 7 which would have 
the lowest priority for data being read. Only the con- 
verters whose INT is asserted will be read. 

The key to decoding circuitry is the MM74LS373, 
8-bit D type flip-flop. When the Z-80 acknowledges 
the interrupt, the program is vectored to a data input 
Z-80 subroutine. This subroutine will read a peripheral 
status word from the MM74 LS373 which contains 
the logic state of the INTR outputs of all the con- 
verters. Each converter which initiates an interrupt 
will place a logic "0" in a unique bit position in the 
status word and the subroutine will determine the 
identity of the converter and execute a data read. An 
identifier word (which indicates which A/D the data 
came from) is stored in the next sequential memory 
location above the location of the data so the program 
. can keep track of the identity of the data entered. 



FIGURE 16. Flow Chart for Auto-Zero Routine 
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3D00 

3E90 

MVI 90 



3D02 

D3E7 

Out Control Port 


; Program PPI 

3D04 

2601 

MVI H 01 

Auto-Zero Subroutine 


3D06 

7C 

MOV A,H 



3D07 

D3E6 

OUT C 


; Close SW1, open SW2 

3D09 

0680 

MVI B 80 


; Initialize SAR bit pointer 

3D0B 

3E7F 

MVI A 7F 


; Initialize SAR code 

3D0D 

4F 

MOV C,A 

Return 


3D0E 

D3E5 

OUT B 


; Port B = SAR code 

3D10 

31AA3D 

LXI SP 3DAA 

Start 

; Dimension stack pointer 

3D13 

D3E4 

OUT A 


; Start A/D 

3D15 

FB 

IE 



3D16 

00 

NOP 

Loop 

; Loop until INT asserted 

3D17 

C3163D 

JMP Loop 



3D1 A 

7A 

MOV A,D 

Auto-Zero 


3D1B 

C600 

ADI 00 



3D1D 

CA2D3D 

JZ Set C 


; Test A/D output data for zero 

3D20 

78 

MOV A,B 

Shift B 


3D21 

F600 

ORI 00 


; Clear carry 

3D23 

IF 

RAR 


; Shift "1” in B right one place 

3D24 

FE00 

CPI 00 


; Is B zero? If yes last 

3D26 

CA373D 

JZ Done 


; approximation has been made 

3D29 

47 

MOV B,A 



3D2A 

C3333D 

JMP New C 



3D2D 

79 

MOV A,C 

Set C 


3D2E 

B0 

ORA B 


; Set bit in C that is in same 

3D2F 

4F 

MOV C,A 


; position as "1 " in B 

3D30 

C3203D 

JMP Shift B 



3D33 

A9 

XRA C . 

New C 

; Clear bit in C that is in 

3D34 

C30D3D 

JMP Return 


; same position as "1" in B 

3D37 

47 

MOV B,A 

Done 

; then output new SAR code. 

3D38 

7C 

MOV A,H 


; Open SW1, close SW2 then 

3D39 ’ 

EE03 

XRI 03 


; proceed, with program. Preamp 

3D3B 

D3E6 

OUT C 


; is now zeroed. 

3D3D 


Program for processing 
proper data values 

Normal 


3C3D 

DBE4 

IN A 

Read A/D Subroutine 

. ; Read A/D data 

3C3F 

EEFF 

XRI FF 


; Invert data 

3C41 

57 

MOV D,A 



3C42 

78 

MOV A,B 


; Is B Reg = 0? If not stay 

3C43 

E6FF 

ANI FF 


; in auto zero subroutine 

3C45 

C21A3D 

JNZ Auto-Zero 



3C48 

C33D3D 

JMP Normal 




Note: All numerical values are hexadecimal representations. 

FIGURE 17. Software for Auto-Zeroed Differential A/D 


5-3 Multiple A/D Converters in a Z-80 
Interrupt Driven Mode (Continued) 

The following notes apply: 

1) It is assumed that the CPU automatically performs 
a RST 7 instruction when a valid interrupt is ac- 
knowledged (CPU is in interrupt mode 1). Hence, 
the subroutine starting address of X0038. 

2) The address bus from the Z-80 and the data bus to 
the Z-80 are assumed to be inverted by bus drivers. 

3) A/D data and identifying words will be stored in 
sequential memory locations starting at the arbitrarily 
chosen address X 3E00. 

4) The stack pointer must: be dimensioned in the main 
program as the RST 7 instruction automatically 
pushes the PC onto the stack and the subroutine 
uses an additional 6 stack addresses. 


5) The peripherals of concern are mapped into I/O 
space with the following port assignments: 

HEX PORT ADDRESS PERIPHERAL 


00 

MM74C374 8-bit flip-flop 

01 

A/D 1 

02 

A/D 2 

03 

A/D 3 

04 

A/D 4 

05 

A/D 5 

06 

A/D 6 

07 

A/D 7 


This port address also serves as the A/D identifying word 
in the program. t 
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FIGURE 18. Multiple A/D's with Z-80 Type Microprocessor 


INTERRUPT SERVICING SUBROUTINE 

SOURCE 


LOC 

OBJ CODE 


STATEMENT 

COMMENT 

0038 

E5 


PUSH HL 

; Save contents of all registers affected by 

0039 

C5 


PUSH BC 

; this subroutine. 

003A 

F5 


PUSH AF 

; Assumed INT mode 1 earlier set. 

0038 

21 00 3E 


LD (HL).X3E00 

; Initialize memory pointer where data will be stored. 

003 E 

0E 01 


LD C.X01 

; C register will be port ADDR of A/D converters. 

0040 

D300 


OUT XOO.A 

; Load peripheral status word into 8-bit latch. 

0042 

DB00 


IN A, X00 

; Load status word into accumulator. 

0044 

47 


LD B,A 

; Save the status word. 

0045 

79 

TEST 

LD A,C 

; Test to see if the status of all A/D's have 

0046 

FE 08 


CP. X08 

; been checked. If so, exit subroutine. 

0048 

CA'60 00 


JPZ, DONE 


004 B 

78 


LD A.B 

; Test a single bit in status word by looking for 

004 C 

IF 


RRA 

; a "1" to be rotated into the CARRY (an INT 

004 D 

47 


LD B,A 

; is loaded as a "1”). If CARRY is set then load 

004 E 

DA 5500 


JPC, LOAD 

; contents of A/D at port ADDR in C register. 

0051 

0C 

NEXT 

INC C 

; If CARRY is not set, increment C register to point 

0052 

C3 4500 


JP.TEST 

; to next A/D, then test next bit in status word. 

0055 

ED 78 

LOAD 

IN A, (C) 

; Read data from interrupting A/D and invert 

0057 

EE FF 


XOR FF 

, the data. 

0059 

77 


LD (HL),A 

; Store the data. 

005A 

2C 


INC L 


0058 

71 


LD (HL),C 

; Store A/D identifier (A/D port ADDR). 

005C 

2C 


INC L 


005D 

C3 51 00 


JP.NEXT 

; Test next bit in status word. 

0060 

FI 

DONE 

POP AF 

; Re-establish all registers as they were 

0061 

Cl 


POP BC 

; before the interrupt. 

0062 

El 


POP HL 


0063 

C9 


RET 

; Return to original program. 
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ADC0801, ADC0802, ADC0803, ADC0804 


Typical Applications (Continued) 




FIGURE 20. Handling ±5V Analog Input Range 


FIGURE 19. Offsetting the Zero of the ADC0801 and 
Performing an Input Range (Span) Adjustment 



FIGURE 21. Handling ±10V Analog Input Range 



FIGURE 22. Free Running Connection 


Ordering Information 


TEMPERATURE RANGE 

0°C TO +70°C 

— 40°C TO +85 °C 

-55‘CTO +125°C 

ERROR 

±1/4 Bit Adjusted 

ADC0801 LCN 

ADC0801 LCD 

ADC0801 LD 

±1/2 Bit Unadjusted 

ADC0802LCN 

ADC0802LCD 

ADC0802LD 

±1/2 Bit Adjusted 

' ADC0803LCN 

ADC0803LCD 

ADC0803LD 

±1 Bit Unadjusted 

ADC0804LCN 

ADC0804LCD 


PACKAGE OUTLINE 

N20A-MOLDED DIP 

D20A— CAVITY DIP 

D20A— CAVITY DIP 
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National 

Semiconductor 


A to D, D to A 


ADC0808, ADC0809 8-Bit pP Compatible A/D Converters 
With 8-Channel Multiplexer 


General Description 

The ADC0808, ADC0809 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital 
converter, 8-channel multiplexer and microprocessor 
compatible control logic. The 8-bit A/D converter uses suc- 
cessive approximation as the conversion technique. The 
converter features a high impedance chopper stabilized 
comparator, a 256R voltage divider with analog switch tree 
and a successive approximation register. The 8-channel 
multiplexer can directly access any of 8-single-ended ana- 
log signals. 

The device eliminates the need for external zero and full- 
scale adjustments. Easy interfacing to microprocessors 
is provided by the latched and decoded multiplexer ad- 
dress inputs and latched TTL TRI-STATE® outputs. 

The design of the ADC0808, ADC0809 has been optimized 
by incorporating the most desirable aspects of several 
A/D conversion techniques. The ADC0808, ADC0809 of- 
fers high speed, high accuracy, minimal temperature 
dependence, excellent long-term accuracy and repeatabi- 
lity, and consumes minimal power. These features make 
this device ideally suited to applications from process and 
machine control to consumer and automotive applica- 
tions. For 16-channe! multiplexer with common output 
(sample/hold port) see ADC0816 data sheet. 


Features 

■ Resolution — 8-bits 

■ Total unadjusted error — ± 1/2 LSB and ± 1 LSB 

■ No missing codes 

■ Conversion time — 100 ns 

■ Single supply — 5 V DC 

■ Operates ratiometrically or with 5 V DC or analog span 
adjusted voltage reference 

■ 8-channel multiplexer with latched control logic 

■ Easy interface to all microprocessors, or operates 
“stand alone” 

■ Outputs meet T 2 L voltage level specifications 

■ 0V to 5V analog input voltage range with single 5 V 
supply 

■ No zero or full-scale adjust required 

■ Standard hermetic or molded 28-pin DIP package 

■ Temperature range -40°C to +85°C or -55°C to 

+125°C ' ' 

■ Low power consumption — 15 mW 

■ Latched TRI-STATE® output 


Block Diagram 


START CLOCK 
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ADC0808, ADC0809 


Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings (Notes 1 and 2) 


Supply Voltage (Vcc) (Note 3) 6.5V Temperature Range (Note 1) 

Voltage at Any Pin -0.3V to (Vcc + 0.3V) ADC0808CJ 

Except Control Inputs ADC0808CCJ, ADC0808CCN, 

Voltage at Control Inputs -0.3Vto+15V ADC0809CCN 

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) Range of V cc (Note 1) 

Storage Temperature Range -65°Cto +150°C 

Package Dissipation at T A = 25°C 875 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 


t MIN^ t A^ t MAX 
-55 °CsT a < + 125 # C 

-40°CsT a s+85°C 
4.5 Vqq to 6 .OV 0 C 


Electrical Characteristics 

Converter Specifications: V cc = 5 V DC = V REF ( +) , V REF( _) = GND, T M | N <T A <T MAX and fcLK = 640 kHz 
unless otherwise stated. 


ADC0808 

Total Unadjusted Error 
(Note 5) 

ADC0809 

Total Unadjusted Error 
(Note 5) 

Input Resistance 
Analog Input Voltage Range 
v ref(+) Voltage, Top of Ladder 

v ref(+)+ V ref(-) Voltage, Center of Ladder 
2 

v ref(-) Voltage, Bottom of Ladder 

Comparator Input Current 


0°C to 70°C 
Tmin^oTmax 
From Ref( + ) to Ref(-) 
(Note 4) V( + ) or V(-) 
Measured at Ref(+) 


Measured at Ref(-) 
f c = 640 kHz, (Note 6) 


Min 

Typ 

Max 1 

Units 




LSB 



±3/4 

LSB 



±1 

LSB 



±1 1/4 

LSB 

1.0 

2.5 


kn 

GND-0.10 


Vcc+0-10 

V DC 


< 

o 

o 

Vcc+0-^ 

V 

V CC /2-0.1 

V CC /2 

V CC /2+0.1 

V 

-0.1 

0 


V 

-2 . 

±0.5 

2 

mA 


Electrical Characteristics 

Digital Levels and DC Specifications: ADC0808CJ 4.5V <V CC < 5.5V, -55°C<T A < + 125°C unless otherwise noted 
ADC0808CCJ, ADC0808CCN, and ADC0809CCN 4.75< V CC <5.25V, -40°C<T A < +85°C unless otherwise noted 


Parameter 

ANALOG MULTIPLEXER 


Min Typ Max Units 


Vcc = 5V,V in = 5V, 


— 



T a = 25°C 


10 

200 

nA 

T M)N to T max 



1.0 

mA 

V C c = 5V,V in = 0, 

T a =25°C 

-200 

- 10 


nA 

T MINtO T max 

-1.0 



mA 


CONTROL INPUTS 


Logical “1” Input Voltage 
Logical “0” Input Voltage 

Logical “1” Input Current 
(The Control Inputs) 

Logical “0” Input Current 
(The Control Inputs) 

Supply Current 



Vcc-1-5 


1.5 

V, n = 15V 



1.0 

< 

z 

II 

o 

-1.0 



f CL K = 640 kHz 


0.3 

3.0 
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Electrical Characteristics (Continued) 

Digital Levels and DC Specifications: ADC0808CJ 4.5V <V CC < 5.5 V, -55°C<T A < + 125°C unless otherwise noted 
ADC0808CCJ, ADC0808CCN, and ADC0809CCN 4.75< V CC <5.25V, - 40°C<T A < + 85°C unless otherwise noted 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DATA OUTPUTS AND EOC (INTERRUPT) 

V OUT(1) 

Logical “1” Output Voltage 

Iq = — 360 fiA 

< 

o 

o 

i 

o 



V 

V OUT(0) 

Logical “0” Output Voltage 

l 0 = 1.6 mA 



0.45 

V 

V OUT(0) 

Logical “0” Output Voltage EOC 

l 0 = 1.2 mA 



0.45 

V 

•out 

TRI-STATE Output Current 

> 

ID O 

II II 
o o 
> > 

-3 


3 

< < 

=i 

Electrical Characteristics 






Timing Specifications: V cc = V REF(+) = 5V, V REF( _ 

.)= GND, t r = t f = 20 ns and T A = 25°C unless otherwise noted. 



Parameter 

Conditions 

Min 

Typ 

Max 

Units 

*ws 

Minimum Start Pulse Width 

(Figure 5) 


100 

200 

ns 

*WALE 

Minimum ALE Pulse Width 

(Figure 5) 


100 

200 

ns 

ts 

Minimum Address Set-Up Time 

(Figure 5) 


25 

50 

ns 

t H 

Minimum Address Hold Time 

(Figure 5) 


25 

50 

ns 

*D 

Analog MUX Delay Time 

From ALE 

R s = Ofi (Figure 5) 


1 

2.5 

fiS. 

*H1» *H0 

OE Control to Q Logic State 

C L = 50 pF, R L = 10k (Figure 8) 


125 

250 

ns 

*1H> *0H 

OE Control to Hi-Z 

C L = 10 pF, R L = 10k (Figure 8) 


125 

250 

ns 

tc 

Conversion Time 

f c = 640 kHz, (Figure 5 ) (Note 7) 

90 

100 

116 

ns 

^c 

Clock Frequency 


10 

640 

1280 

kHz 

o 

O 

UJ 

EOC Delay Time 

(Figure 5) 

0 


8 + 2 fis 

Clock 

Periods 

C IN 

input Capacitance 

At Control Inputs 


10 

15 

PF 

C OUT 

TRI-STATE® Output 
Capacitance 

At TRI-STATE® Outputs, (Note 12) 


10 

15 

PF 


Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: A zener diode exists, internally, from Vqc to GND and has a typical breakdown voltage of 7 Vqc- 

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop 
greater than the Vqq supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog Vjn does not exceed the supply 
voltage by more than 100 mV, the output code will be correct. To achieve an absolute 0 Vqq to 5 Vqq input voltage range will therefore require a minimum sup- 
ply voltage of 4.900 Vqq over temperature variations, initial tolerance and loading. 

Note 5: Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. See Figure 3. None of these A/Ds requires azero or full-scale adjust. 
However, if an all zero code is desired for an analog input other than 0.0 V, or if a narrow full-scale span exists(for example: 0.5V to 4.5V full-scale) the reference 
voltages can be adjusted to achieve this. See Figure 13. 

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and 
has little temperature dependence (Figure 6). See paragraph 4.0. 

Note 7: The outputs of the data register are updated one clock cycle before the rising edge of EOC. 



8-47 


ADC0808, ADC0809 






60800(3 V‘80800aV 


Functional Description 

Multiplexer. The device contains an 8-channel single- 
ended analog signal multiplexer. A particular input chan- 
nel is selected by using the address decoder. Table I 
shows the input states for the address lines to select any 
channel. The address is latched into the decoder on the 
low-to-high transition of the address latch enable signal. 

TABLE I 


SELECTED 

ADDRESS LINE | 

ANALOG CHANNEL 

C 

B 

A 

INO 

L 

L 

L 

INI 

L 

L 

H 

IN2 

L 

H 

L 

IN3 

L 

H 

H 

IN4 

H 

L 

L 

IN5 

H 

L 

H 

IN6 

H 

H 

L 

IN7 

H 

H 

H 


CONVERTER CHARACTERISTICS 
The Converter 

The heart of this single chip data acquisition system is its 
8-bit analog-to-digital converter. The converter is designed 


to give fast, accurate, and repeatable conversions. over a 
wide range of temperatures. The converter is partitioned 
into 3 major sections: the 256R ladder network, the suc- 
cessive approximation register, and the comparator. The 
converter’s digital outputs are positive true. 

The 256R ladder network approach ^ Figure 1) was chosen 
over the conventional R/2R ladder because of its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed- 
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the 
system. Additionally, the 256R network does not cause 
load variations on the reference voltage. 

The bottom resistor and the top resistor of the ladder 
network in Figure 1 are not the same value as the 
remainder of the network. The difference in these 
resistors causes the output characteristic to be sym- 
metrical with the zero and full-scale points of the transfer 
curve. The first output transition occurs when the analog 
signal has reached +1/2 LSB and succeeding output 
transitions occur every 1 LSB later up to full-scale. 

The successive approximation register (SAR) performs 8 
iterations to approximate the input voltage. For any SAR 
type converter, n-iterations are required for an n-bit con- 
verter. Figure 2 shows a typical example of a 3-bit con- 
verter. In the ADC0808, ADC0809, the approximation 
technique is extended to 8 bits using the 256R network. 


CONTROLS FROM S.A.R. 



TO 

COMPARATOR 

INPUT 


FIGURE 1. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 



The A ID converter’s successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. 
Continuous conversion may be accomplished by tying the 
end-of-conversion (EOC) output to the SC input. If used in 
this mode, an external start conversion pulse should be 
applied after power up. End-of-conversion will go low be- 
tween 0 and 8 clock pulses after the rising edge of start 
conversion. 

The most important section of the A/D converter is the 
comparator. It is this section which is responsible for the 
ultimate accuracy of the entire converter. It is also the 



V|N AS FRACTION OF FULL-SCALE 


FIGURE 2. 3-Bit A/D Transfer Curve 


comparator drift which has the greatest influence on the 
repeatability of the device. A chopper-stabilized com- 
parator provides the most effective method of satisfying 
all the converter requirements. 

The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed through a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire A/D converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0808 as 
measured using the procedures outlined in AN-179. 



0/8 1/8 2/8 3/8 4/8 5/8 6/8 7/8 

V|N AS FRACTION OF FULL-SCALE 


FIGURE 3. 3-Bit A/D Absolute Accuracy Curve 



VOLTAGE SCALE 

FIGURE 4. Typical Error Curve 



8 
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ADC0808, ADC0809 


Connection Diagram 


Timing Diagram 


DuaMn-Line Package 



-IN2 

■ INI 

- INO 

- ADDA 

- ADD B 

- ADD C 

■ ALE 

- 2- 1 msb 

- 2-2 
- 2 3 






OUTPUTS 


TRI-STATE 



FIGURE 5 
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Typical Performance Characteristics 



V IN (V) 

FIGURE 6. Comparator l )N vs V| N 
(V CC = V ref = 5V) 



FIGURE 7. Multiplexer R 0 n vs V, N 
(V CC = V REF = 5V) 


TRI-STATE® Test Circuits and Timing Diagrams 




<1H> C L= 10 P F tHi,C L = 50pF 


OUTPUT 

ENABLE 


v cd 






FIGURE 8 
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Applications Information 

OPERATION 

1.0 Ratiometric Conversion 

The ADC0808, ADC0809 is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion 
systems. In ratiometric systems, the physical variable 
being measured is expressed as a percentage of full-scale 
which is not necessarily related to an absolute standard. 
The voltage input to the.ADC0808 is expressed by the 
equation 

_V!N_ = (1) 

V fs -V z D max — D min U 

V(n = Input voltage into the ADC0808 

V fs = Full-scale voltage 

V z = Zero voltage 

D x = Data point being measured 

D MA x = Maximum data limit 

D min = Minimum data limit 

A good example of a ratiometric transducer is a poten- 
tiometer used as a position sensor. The position of the 
wiper is directly proportional to the output voltage which 
is a ratio of the full-scale voltage across it. Since the data 
is represented as a proportion of full-scale, reference 
requirements are greatly reduced, eliminating a large 
source of error and cost for many applications. A major 
advantage of the ADC0808, ADC0809 is that the input 
voltage range is equal to the supply range so the 
transducers can be connected directly across the supply 
and their outputs connected directly into the multiplexer 
inputs, (Figure 9). 


Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., 
are suitable for measuring proportional relationships; 
however, many types of measurements must be referred 
to an absolute standard such as voltage or current. This 
means a system reference must be used which relates 
the full-scale voltage to the standard volt. For example, if 
v cc = v ref = 5.12V, then the full-scale range is divided in- 
to 256 standard steps. The smallest standard step is 1 
LSB which is then 20 mV. 

2.0 Resistor Ladder Limitations 

The voltages from the resistor ladder are compared to the 
selected input 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref( + ), should not be more positive 
than the supply, and the bottom of the ladder, Ref(-), 
should not be more negative than ground. The center of 
the ladder voltage must also be near the center of the 
supply because the analog switch tree changes from 
N-channel switches to P-channel switches, These limita- 
tions are automatically satisfied in ratiometric systems 
and can be easily met in ground referenced systems. 

Figure 10 shows a ground referenced system with a 
separate supply and reference. In this system, the supply 
must be trimmed to match the reference voltage. For in- 
stance, if a 5.12V is used, the supply should be adjusted to 
the same voltage within 0.1V. 



FIGURE 9. Ratiometric Conversion System 
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Applications Information (Continued) 


The ADC0808 needs less than a milliamp of supply current 
so developing the supply from the reference is readily 
accomplished. In Figure 11 a ground referenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to 
supply the milliamp of supply current and the desired bus 
drive, or if a capacitive bus is driven by the outputs a large 
capacitor will supply the transient supply current as seen 
in Figure 12. The LM301 is overcompensated to insure 
stability when loaded by the 10 /*F output capacitor. 


The top and bottom ladder voltages cannot exceed V cc 
and ground, respectively, but they can be symmetrically 
less than V cc and greater than ground. The center of the 
ladder voltage should always be near the center of the 
supply. The sensitivity of the converter can be increased, 
(i.e., size of the LSB steps decreased) by using a sym- 
metrical reference system. In Figure 13, a 2.5V reference 
is symmetrically centered about V cc /2 since the same 
current flows in identical resistors. This system with a 
2.5V reference allows the LSB bit to be half the size of a 
5V reference system. 



FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 



DIGITAL OUTPUT 
REFERENCED TO 
GROUND 


VlN 
VREF 

4.75V ^ V C C = Vr E F^ 5.25V 


Q0UT = 


FIGURE 11. Ground Referenced Conversion System with 
Reference Generating V cc Supply 
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/ 


Applications Information (Continued) io-15Vqc 



FIGURE 12. Typical Reference and Supply Circuit 

5V 



FIGURE 13. Symmetrically Centered Reference 


3.0 Converter Equations 


4.0 Analog Comparator Inputs 


The transition between adjacent codes N and N+1 is 
given by: 



( V REF( + )~ V REF(-)) 




REF(-) 


( 2 ) 


The center of an output code N is given by: 


V IN={( V REF( + )— V REF(-)) ™ ± V TUe} + V REF(-) 


(3) 


The output code N for an arbitrary input are the integers 
within the range: 


N = — — — y RE -^- ~i — x 256 ± Absolute Accuracy (4) 

V REF( + )“ V REF(-) 


where: V iN = Voltage at comparator input 
Vr EF ( + )= Voltage at Ref(+) 

Vref(-)= Voltage at Ref(-) 

V TUE = Total unadjusted error voltage (typically 
Vref(+) ■** 512) 


The dynamic comparator input current is caused by the 
periodic switching of on-chip stray capacitances. These 
are connected alternately to the output of the resistor 
ladder/switch tree network and to the comparator input as 
part of the operation of the chopper stabilized comparator. 

The average value of the comparator input current varies 
directly with clock frequency and with V 1N as shown in 
Figure 6. 

If no filter capacitors are used at the analog inputs and the 
signal source impedances are low, the comparator input 
current should not introduce converter errors, as the tran- 
sient created by the capacitance discharge will die out 
before the comparator output is strobed. 

If input filter capacitors are desired for noise reduction 
and signal conditioning they will tend to average out the 
dynamic comparator input current. It will then take on the 
characteristics of a DC bias current whose effect can be 
predicted conventionally. 


8-54 



Typical Application 



* Address latches needed for 8085 and SC/MP interfacing the ADC0808 to a microprocessor 


MICROPROCESSOR INTERFACE TABLE 


PROCESSOR 

READ 

WRITE 

INTERRUPT (COMMENT) 

8080 

MEMR 

MEMW 

INTR (Thru RST Circuit) 

8085 

rd" 

W?T 

INTR (Thru RST Circuit) 

Z-80 

RD 

wfT 

InT (Thru RST Circuit, Mode 0) 

SC/MP 

NRDS . 

NWDS 

SA (Thru Sense A) 

6800 

VMA-*2R/W 

VMA-02-R/W 

fRQA or TRQB (Thru PIA) 


Ordering Information / 


TEMPERATURE RANGE 

-40°C to + 85°C 

-55°C to +125°C 

Error 

± 1/2 Bit Unadjusted 

ADC0808CCN 

ADC0808CCJ 

ADC0808CJ 

± 1 Bit Unadjusted, 

ADC0809CCN 



Package Outline 

N28A Molded DIP 

J28A Hermetic DIP 

J28A Hermetic DIP 
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ADC0816, ADC0817 



National 

Semiconductor 


A to D, D to A 


ADC0816, ADC0817 8-Bit /x? Compatible A/D Converters 
with 16-Channel Multiplexer 


General Description 

The ADC0816, ADC0817 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital 
converter, 16-channel multiplexer and microprocessor 
compatible control logic. The 8-bit A/D converter uses suc- 
cessive approximation as the conversion technique. The 
converter features a high impedance chopper stabilized 
comparator, a 256R voltage divider with analog switch tree 
and a successive approximation register. The 16-channel 
multiplexer can directly access any one of 16-single- 
ended analog signals, and provides the logic for addi- 
tional channel expansion. Signal conditioning of any 
analog input signal is eased by direct access to the 
multiplexer output, and to the input of the 8-bit A/D 
converter. 

The device eliminates the need for external zero and full- 
scale adjustments. Easy interfacing to microprocessors 
is provided by the latched and decoded multiplexer ad- 
dress inputs and latched TTL TRI-STATE® outputs. 

The design of the ADC0816, ADC0817 has been optimized 
by incorporating the most desirable aspects of several 
A/D conversion techniques. The ADC0816, ADC0817 oT 
fers high speed, high accuracy, minimal temperature 
dependence, excellent long-term accuracy and repeatabil- 
ity, and consumes minimal power. These features make 
this device ideally suited to applications from process and 
machine control to consumer and automotive applica- 
tions. For similar performance in an 8-channel, 28-pin, 


8-bit A/D converter, see the ADC0808, ADC0809 data 
sheet. 

Features 

■ Resolution — 8-bits 

■ Total unadjusted error — ± 1/2 LSB and ± 1 LSB 

■ No missing codes 

■ Conversion time — 100 /is 

■ Single supply — 5 V DC 

■ Operates ratiometrically or with 5 V DC or analog span 
adjusted voltage reference 

■ 16-channel multiplexer with latched control logic 

■ Easy interface to all microprocessors, or operates 
“stand alone” 

■ Outputs meet T 2 L voltage level specifications 

■ 0V to 5V analog input voltage range with single 5V 
supply 

■ No zero or full-scale adjust required 

B Standard hermetic or molded 40-pin DIP package 
B Temperature range -40°C to +85°C or -55°C to 
+125°C 

B Low power consumption — 15 mW 
B Latched TRI-STATE® output 

B Direct access to “comparator in” and “multiplexer out” 
for signal conditioning 


Block Diagram 



.END OF CONVERSION 
■'(INTERRUPT) 


8 BIT OUTPUTS 


Vcc GND REF(+) 
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Absolute Maximum Ratings (Notes i and 2 ) Operating Ratings (Notes 1 and 2) 


Supply Voltage(Vcc)( Note 3) 

Voltage at Any Pin -C 

Except Control Inputs 
Voltage at Control inputs 

(START, OE, CLOCK, ALE, EXPANSION CONTROL, 
ADD A, ADD B, ADD C, ADD D) 

Storage Temperature Range 

Package Dissipation at T A = 25°C 

Lead Temperature (Soldering, 10 seconds) 


Electrical Characteristics 


6.5V 

-0.3 V to (V CC + 0.3 V) 


-65°Cto + 150°C 
875 mW 
300°C 


Temperature Range(Notel) 

ADC0816CJ • . . -E 

ADC0816CCJ, ADC0816CCN, 

ADC0817CCN 

RangeofVcc(Notel) 

Voltage at Any Pin 
Except Control Inputs 
Voltage at Control Inputs 

(START, OE, CLOCK, ALE, EXPANSION CONTROL, 
ADD A, ADD B, ADD C, ADD D) 


t min^t a <t max 
. -55°C<T A <+125°C 
-40°CsT a <+85°C 

4.5VDQto6.0VDQ 
0 V to V cc 


Converter Specifications: V cc = 5 V DC = V RE f(+). V ref(-) = GN D, V iN = V comparator in. t min ^ T A < T max a nd 
f CL K = 640 kHz unless otherwise stated. 


ADC0816 

Total Unadjusted Error 
(Note 5) 

ADC0817 

Total Unadjusted Error 
(Note 5) 

Input Resistance 
Analog Input Voltage Range 
v ref(+) Voltage, Top of Ladder 

Voltage, Center of Ladder 

2 

V ref( — ) Voltage, Bottom of Ladder 

Comparator Input Current 


25°C 

Tmin to Tmax 

0°C to 70°C 
Tmin t0 t max 
F rom Ref( + ) to Ref(-) 
(Note 4) V( + ) or V(-) 
Measured at Ref( + ) 


Measured at Ref(-) 
f c = 640 kHz, (Note 6) 


1.0 

GND-0.10 


Max 

Units 

±1/2 

LSB 

±3/4 

LSB 

±1 

LSB 

±1 1/4 

LSB 


kft 


Vcc+0-10 Vn 


V cc /2-0.1 V cc /2' V cc /2 + 0.1 


Electrical Characteristics 

Digital Levels and DC Specifications: ADC0816C J 4.5V < V cc < 5.5V, - 55°C < T a < + 1 25°C unless otherwise noted. 
ADC0816CCJ, ADC0816CCN, ADC0817CCN 4.75V <V CC <5.25V, - 40°C<T A < + 85°C unless otherwise noted. 


Parameter 

ANALOG MULTIPLEXER 


Analog Multiplexer ON (Any Selected Channel) 

Resistance T A = 25°C, R, = 10k 

T a = 85°C 
T a =125°C 

A ON Resistance Between Any (Any Selected Channel) 

2 Channels R L =10k 

OFF Channel Leakage Current V cc = 5V, V )N = 5V, 

T A = 25°C 
TMIN toT M A X 

OFF Channel Leakage Current V cc = 5V, V )N = 0, 

T A = 25°C 
T M iNtoT MAX 


Min Typ 


Max Units 



Logical “1” Input Voltage 

Logical “0” Input Voltage 

Logical “1” Input Current 
(The Control Inputs) 

Logical “0” Input Current 
(The Control Inputs) 

Supply Current 

V, N =15V 

V|N = 0 

f CLK = 640 kHz 




Vcc-1-5 


1.5 



1.0 

-1.0 

0.3 

3.0 
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Electrical Characteristics (Continued) 


Digital Levels and DC Specifications: ADC0816CJ 4.5V < V CC <5.5V, - 55°C<T A < + 125°C unless otherwise noted. 
ADC0816CCJ, ADC0816CCN, ADC0817CCN 4.75V < V cc < 5.25V, - 40°C<T A < + 85°C unless otherwise noted. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DATA OUTPUTS AND EOC (INTERRUPT) 





hh 


Logical “1” Output Voltage 
Logical “0” Output Voltage 
Logical “0” Output Voltage EOC 
TRI-STATE Output Current 


I q = — 360 fib. 

I 0 = 1.6 mA 

l 0 = 1.2 mA 

v o= v cc 
V o = 0 



Electrical Characteristics 

Timing Specifications: V cc = V REF(+) = 5V, V REF( _)= GND, t r = t f = 20 ns and T A = 25°C unless otherwise noted. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

*ws 

Minimum Start Pulse Width 

(Figure 5) 


100 

200 

ns , 

*WALE 

Minimum ALE Pulse Width 

(Figure 5) 


100 

200 

ns 


Minimum Address Set-Up Time 

(Figure 5) 


25 

50 

ns 

t H 

Minimum Address Hold Time 

(Figure 5) 


25 

50 

ns 

to 

Analog MUX Delay Time 

From ALE 

R s = 0 Q (Figure 5) 


1 

2.5 

fiS 

o 

X 

X 

OE Control to Q Logic State 

C u = 50 pF, R L = 10k (Figure 8) 


125 

250 

ns 

X 

0 

1 

OE Control to Hi-Z 

C L = 10 pF, R L = 10k (Figure 8) 


125 

250 

ns 

tc 

Conversion Time 

f c = 640 kHz, (Figure 5) (Note 7) 

90 

100 

116 

fiS 

fc 

Clock Frequency 


10 

640 

1280 

kHz 

tEOC 

EOC Delay Time- 

(Figure 5) 

0 


8 + 2/tS 

Clock 

Periods 

C|N 

Input Capacitance 

At Control Inputs 


10 

15 

pF 

CoUT 

TRI-STATE Output 

Capacitance 

At TRI-STATE Outputs, (Note 7) 


10 

15 

PF 


Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: A zerv^r diode exists, internally, from Vqq to GND and has a typical breakdown voltage of 7 Vqq. 

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop 
greater than the Vqq supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog Vjn does not exceed the supply 
voltage by more than 100 mV, the output code will be correct. To achieve an absolute 0 Vqq to 5 Vqq input voltage range will therefore require a minimum sup- 
ply voltage of 4.900 Vqq over temperature variations, initial tolerance and loading. 

Note 5: Total unadjusted error includes offset, full-scale, and linearity errors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust. However, if 
an all zero code is desired for an analog input other than 0.0V, or if a narrow full-scale span exists (for example: 0.5V to 4.5V full-scale) the reference voltages 
can be adjusted to achieve this. See Figure 13. 

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and 
has little temperature dependence (Figure 6). See paragraph 4.0. 

Note 7: The outputs of the data register are updated one clock cycle before the rising edge of EOC. 
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Functional Description 


Multiplexer: The device contains a 16-channel single- 
ended analog signal multiplexer. A particular input chan- 
nel is selected by using the address decoder. Table I 
shows the input states for the address line and the expan- 
sion control line to select any channel. The address is 
latched into the decoder on the low-to-high transition of 
the address latch enable signal. 


TABLE 1 


SELECTED 
ANALOG CHANNEL 

ADDRESS LINE 

EXPANSION 

CONTROL 

D 

C 

B 

A 

INO 

L 

L 

L 

L 

H 

INI 

L 

L 

L 

H 

H 

IN2 

L 

L 

H 

L 

H 

IN3 

L 

L 

H 

H 

H 

IN4 

L 

H 

L 

L 

H 

IN5 

. L 

H 

L 

H 

H 

IN6 

L 

H 

H 

L 

H 

IN7 

L 

H 

H 

H 

H 

IN8 

H 

L 

L 

L 

H 

IN9 

H 

L 

L 

H 

H 

IN 1 0 

H 

L 

H 

L 

H 

IN1 1 

H 

L 

H 

H 

H 

IN 1 2 

H 

H 

L 

L 

H 

IN13 

H 

H 

L 

H 

H 

IN 1 4 

H 

H 

H 

L 

H 

INI 5 

H 

H 

H 

H 

H 

All Channels OFF 

X 

X 

X 

X 

L 


X = don’t care 


Additional single-ended analog signals can be multi- 
plexed to the A/D converter by disabling all the multiplexer 
inputs using the expansion control. The additional exter- 
nal signals are connected to the comparator input and the 
device ground. Additional signal conditioning (i.e., 
prescaling, sample and hold, instrumentation amplifica- 
tion, etc.) may also be added between the analog input 
signal and the comparator input. 

CONVERTER CHARACTERISTICS 
The Converter 

The heart of this single chip data acquisition system is its 
8-bit analog-to-digital converter. The converter is designed 
to give fast, accurate, and repeatable conversions over a 
wide range of temperatures. The converter is partitioned 
into 3 major sections: the 256R ladder network, the suc- 
cessive approximation register, and the comparator. The 
converter’s digital outputs are positive true. 

The 256R ladder network approach (Figure 1) was chosen 
over the conventional R/2R ladder because of its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed- 
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the 
system. Additionally, the 256R network does not cause 
load variations on the reference voltage. 

The bottom resistor and the top resistor of the ladder 
network in Figure 1 are not the same value as the 
remainder of the network. The difference in these 
resistors causes the output characteristic to be sym- 
metrical with the zero and full-scale points of the transfer 
curve. The first output transition occurs when the analog 
signal has reached +1/2 LSB and succeeding output 
transitions occur every 1 LSB later up to full-scale. 


CONTROLS FROM S.A.R. 



FIGURE 1. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

The successive approximation register (SAR) performs 8 
iterations to approximate the input voltage. For any SAR 
type converter, n-iterations are required for an n-bit 
converter. Figure 2 shows a typical example of a 3-bit 
converter. In the ADC0816, ADC0817, the approximation 
technique is extended to 8 bits using the 256R network. 

The A/D converter’s successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. 
Continuous conversion may be accomplished by tying the 
end-of-conversion (EOC) output to the SC input. If used in 
this mode, an external start conversion pulse should be 
applied after power up. End-of-conversion will go low be- 
tween 0 and 8 clock pulses after the rising edge of start 
conversion. 



The most important section of the A/D converter is the 
comparator. It is this section which is responsible for the 
ultimate accuracy of the entire converter. It is also the 
comparator drift which has the greatest influence on the 
repeatability of the device. A chopper-stabilized com- 
parator provides the most effective method of satisfying 
all the converter requirements. 

The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed through a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire A/D converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0816 as 
measured using the procedures outlined in AN-179. 



V|N AS FRACTION OF FULL-SCALE 

FIGURE 3. 3-Bit A/D Absolute Accuracy Curve 


FIGURE 2. 3-Bit A/D Transfer Curve 
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Connection Diagram 


Dual-ln-Line Package 


IN3 
IN4 
IN5 
IN6 
IN7 
IN8 
IN9 
IN10 
IN 11 ■ 

INI 2 
I N1 3 — — — ■ 

IN14 — 
13 

EOC 

INI 5J1 
MULTIPLEXER 15 
OUT 16 
START"" 
vcc — — « 
18 

COMPARATOR IN 

19 

REF(+| - 
GNO 


4 


10 


ADC0816, 

ADC0817 


2L™, 

4“ INO 
37 

EXPANSION CONTROL 

36 

ADD A 

— ADD B 

- ADD C 
33 

ADD D 

4L ale 

t 2_ ' Msa 

I 29 2 

h— 2~ 3 


• 2-5 
. 2 -6 
•2- 7 

■ 2~® LSB 
•REF(-) 
-CLOCK 

■ OUTPUT 
ENABLE 


Timing Diagram 



OUTPUTS 


TRISTATE 


FIGURE 5 







Applications information 

OPERATION 


1.0 Ratiometric Conversion 

The ADC0816, ADC0817 is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion 
systems. In ratiometric systems, the physical variable 
being measured is expressed as a percentage of full-scale 
which is not necessarily related to an absolute standard. 
The voltage input to the ADC0816 is expressed by the 
equation 


v in _ D x 
v fs~~ v z d max— d min 
V )N = Input voltage into the ADC0816 
V fs = Full-scale voltage 
V z = Zero voltage 
D x = Data point being measured 
d max= Maximum data limit 
D MiN = Minimum data limit 


( 1 ) 


A good example of a ratiometric transducer is a poten- 
tiometer used as a position sensor. The position of the 
wiper is directly proportional to the output voltage which 
is a ratio of the full-scale voltage across it. Since the data 
is represented as a proportion of full-scale, reference 
requirements are greatly reduced, eliminating a large 
source of error and cost for many applications. A major 
advantage of the ADC0816, ADC0817 is that the input 
voltage range is equal to the supply range so the 
transducers can be connected directly across the supply 
and their outputs connected directly into the multiplexer 
inputs, (Figure 9). 


Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., 
are suitable for measuring proportional relationships; 
however, many types of measurements must be referred 
to an absolute standard such as voltage or current. This 
means a system reference must be used which relates 
the full-scale voltage to the standard volt. For example, if 
v cc = V REF = 5 .12V, then the full-scale range is divided in- 
to 256 standard steps. The smallest standard step is 1 
LSB which is then 20 mV. 

2.0 Resistor Ladder Limitations 

The voltages from the resistor ladder are compared to the 
selected input 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref( + ), should not be more positive 
than the supply, and the bottom of the ladder, Ref(-), 
should not be more negative than ground. The center of 
the ladder voltage must also be near the center of the 
supply because the analog switch tree changes from 
N-channel switches to P-channel switches. These limita- 
tions are automatically satisfied in ratiometric systems 
and can be easily met in ground referenced systems. 

Figure 10 shows a ground referenced system with a 
separate supply and reference. In this system, the supply 
must be trimmed to match the reference voltage. For in- 
stance, if a 5.12V reference is used, the supply should be 
adjusted to the same voltage within 0.1V. 



FIGURE 9. Ratiometric Conversion System 
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Applications Information (Continued) 

The ADC0816 needs less than a milliamp of supply current 
so developing the supply from the reference is readily 
accomplished. In Figure 11 aground referenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to 
supply the milliamp of supply current and the desired bus 
drive, or if a capacitive bus is driven by the outputs a large 
capacitor will supply the transient supply current as seen 
in Figure 12. The LM301 is overcompensated to insure 
stability when loaded by the 10 /*F output capacitor. 


The top and bottom ladder voltages cannot exceed V cc 
and ground, respectively, but they can be symmetrically 
less than V^ c and greater than ground. The center of the 
ladder voltage should always be near the center of the 
supply. The sensitivity of the converter can be increased, 
(i.e., size of the LSB steps decreased) by using a sym- 
metrical reference system. In Figure 13, a 2.5V reference 
is symmetrically centered about V cc /2 since the same 
current flows in identical resistors. This system with a 
2.5V reference allows the LSB to be half the size of the 
LSB in a 5V reference system. 



ADCQ816, 17 


FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 



DIGITAL OUTPUT 
REFERENCED TO 
GROUND 


q out= 


V|N 


V REF 

4,75V <V C c = Vref^ 5.25V 


FIGURE 11. Ground Referenced Conversion System with 
Reference Generating V cc Supply 
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Applications Information (Continued) 


10-15 VDC 



5V 



DIGITAL OUTPUT 
PROPORTIONAL TO 
ANALOG INPUT 
1.25V <V||M< 3.75V 


R a = Rb 

Ratiometric transducers 


FIGURE 13. Symmetrically Centered Reference 


3.0 Converter Equations 


The transition between adjacent codes N and N+1 is 
given by: 


V IN = { ( V REF( + ) ~ V REF( - )) 


The center of an output code N is given by: 


r n i 

± V TUE 

256 + 512 

L - 

) 


+ V R 


V IN={ ( V REF( + )“ V REF(-)) 


_N_*1 
256 * 


V TUe}+ V REF(-) 


( 2 ) 


(3) 


The output code N for an arbitrary input are the integers 
within the range: 

N = — V|N - — V - REF( ~ ) — x 256 ± Absolute Accuracy (4) 
V REF( + )— V REF(-) 

where: V| N = Voltage at comparator input 
Vref(+) = Voltage at Ref(+) 
v ref(-)= Voltage at Ref(-) 
v tue = Total unadjusted error voltage (typically 
V REF(+) + 512) 
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Applications information (Continued) 


4.0 Analog Comparator Inputs 

The dynamic comparator input current is caused by the 
periodic switching of on-chip stray capacitances. These 
are connected alternately to the output of the resistor lad- 
der/switch tree network and to the comparator input as 
part of the operation of the chopper stabilized comparator. 

The average value of the comparator input current varies 
directly with clock frequency and with V )N as shown in 
Figure 6. 


If no filter capacitors are used at the analog or comparator 
inputs and the signal source impedances are low, the 
comparator input current should not introduce converter 
errors, as the transient created by the capacitance 
discharge will die out before the comparator output is 
strobed. 

If input filter capacitors are desired for noise reduction 
and signal conditioning they will tend to average out the 
dynamic comparator input current. It will then take on the 
characteristics of a DC bias current whose effect can be 
predicted conventionally. 


Typical Application 



* Address latches needed for 8085 and SC/MP interfacing the ADC0816, 17 to a microprocessor 


Microprocessor Interface Table 


PROCESSOR 



INTERRUPT (COMMENT) 

READ 

WRITE 

8080 

8085 

Z-80 

SC/MP 

6800 

MEMR 

RD 

RD 

NRDS 

VMA-02-R/W 

MEMW 

WR 

WR 

NWDS 

VMA- 0 2-R/W 

INTR (Thru RST Circuit) 

INTR (Thru RST Circuit) 

TNT (Thru RST Circuit, Mode 0) 

SA (Thru Sense A) 

IRQA or [RQB (Thru PIA) 


Ordering Information 


TEMPERATURE RANGE 

-40°C to +85°C 

-55°C to +125°C 

Error 

± 1/2 Bit Unadjusted 

ADC0816CCN 

ADC0816CCJ 

ADC0816CJ 

± 1 Bit Unadjusted 

ADC0817CCN 



Package Outline 

N40A Molded DIP 

J40A Hermetic DIP 

J40A Hermetic DIP 
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National 

Semiconductor 


A to D, D to A 


ADC1210, ADC1211 12-Bit CMOS A/D Converters 


General Description 

The ADC1210, ADC121 1 are low power, medium speed, 
12-bit successive approximation, analog-to-digital con- 
verters. The devices are complete converters requiring 
only the application of a reference voltage and a clock 
for operation. Included within the device are the succes- 
sive approximation logic, CMOS analog switches, pre- 
cision laser trimmed thin film R-2R ladder network and 
FET input comparator. 


The ADC1210 offers 12-bit resolution and 12-bit 
accuracy, and the ADC1211 offers 12-bit resolution 
with 10-bit accuracy. The inverted binary outputs are 
directly compatible with CMOS logic. The ADC1210, 
ADC121 1 will operate over a wide supply range, convert 
both bipolar and unipolar analog inputs, and operate in 
either a continuous conversion mode or logic-controlled 


START-STOP conversion mode. The devices are capable 
of making a 12-bit conversion in lOOjUstyp, and can be 
connected to convert 10 bits in 30 /is. 

Both devices are available in military and industrial 
temperature ranges. 

Features 

■ 12-bit resolution 

■ ±1/2 LSB linearity 

■ Single +5V to ±15V supply range 

■ 1 00 /is 1 2-bit, 30 /is 1 0-bit conversion rate 

■ CMOS compatible outputs 

■ Bipolar or unipolar analog inputs 

■ 200 k^2 analog input impedance 

■ Low cost 


Block Diagram 




Connection Diagram 


Dual-ln-Line Package 
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Absolute Maximum Ratings 

Maximum Reference Supply Voltage (V*) 16V 

Maximum Negative Supply Voltage ( V ) -20V 

Voltage At Any Logic Pin V + + 0.3V 

Analog Input Voltage ±15V 

Maximum Digital Output Current ±10 mA 

Maximum Comparator Output Current 50 mA 

Comparator Output Short-Circuit Duration 5 Seconds 


DC Electrical Characteristics (Notes 1 and 2) 


Power Dissipation See Curves 

Operating Temperature Range 

ADC1210HD, ADC121 1 HD -55°C to +125°C 

ADC1210HCD, ADC1211HCD -25°Cto+85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


PARAMETER 

CONDITIONS 

ADC1210 

ADC1211 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Resolution 


12 



12 



Bits 

Linearity Error 

(Note 3) 









f C LK = 65kHz, T A = 25°C 



±0.0122 



±0.0488 

% FS 


f CLK = 65 kHz 



±0.0244 




% FS 

Full Scale Error 

T a ~ 25°C, Unadjusted 



0.1 



0.25 

% FS 

Zero Scale Error 

T A = 25°C, Unadjusted 



x 0.1 



0.25 

% FS 

Quantization Error 




±1/2 



±1/2 

LSB 

Input Resistor Values 

R27, R28 


20 



20 


k£2 

Input Resistor Values 

R25, R26 


200 



200 


kO 

Input Resistor Ratios 

R25/R26, R27/R28 



0.1 



0.1 

• , % 

Logic "1" Input Voltage 


8 



8 



V 

Logic “0" Input Voltage 




2 



2 

V 

Logic "1" Input Current 

V|i\j = 10.24V 



1 



1 

fiA 

Logic “0” Input Current 

V|N = 0V 



-1 



-1 

pA 

Logic "1 " Output Voltage 

!OUT<“1 MA 

9.2 



9.2 



V 

Logic “0" Output Voltage 

l0UT< 1 A«A 



0.5 

i 


0.5 

V 

Positive Supply Current 

V + = 15V, fCLK = 65 kHz, 


5 

8 


5 

8 

mA 


T A = 25° C 








Negative Supply Current 

V“ = -15V, Ta=25°C 


4 

6 

i 

4 

6 

i 

mA 


AC Electrical Characteristics t a = 25°c. (Notes i and 2> 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Conversion Time 





Ms 

Maximum Clock Frequency 



130 

65 

kHz 

Maximum Clock Pulse Width 


100 

50 


ns 

Propagation Delay From Clock to Data Output 

t r <tf < 10 ns 


60 

150 

ns 

(Q0 to Q1 1 ) 






Propagation Delay From Clock to Conversion 

t r < tf < 10 ns 


60 

150 

ns 

Complete 






Clock Rise and Fall Time 




5 

Ms 

Input Capacitance 



10 


PF 

Start Conversion Set-Up Time 


30 



ns 


Note 1: Unless otherwise noted, these specifications apply for V + = 10.240V, V = —15V, over the temperature range — 55° C to +125°C for 
the ADC1210HD, ADC1211HD, and -25°C to +85°C for the ADC1210HCD, ADC121 1 HCD. 

Note 2: All typical values are for T A = 25° C. 

Note 3: Unless otherwise noted, this specification applies over the temperature range -25°C to +85°C. Provision is made to adjust zero scale error 
to 0V and full-scale to 10.2375V during testing. Standard linearity test circuit is shown in Figure 5a. 
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Schematic Diagram 



Power Dissipation vs 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 

Applications Information 

THEORY OF OPERATION 

The ADC1210, ADC1211 are successive approximation 
analog-to-digital converters, i.e., the conversion takes 
place 1 bit at a time by comparing the output of the 
internal D/A to the (unknown) input voltage. The 
START input (pin 13), when taken low, causes the 
register to reset synchronously on the next CLOCK 
low-to-high transition. The MSB, Q11 is set to the low 
state, and the remaining bits, QO through Q10, will be 
set to the high state. The register will remain in this 
state until the SC input is taken high. When START goes 
high, the conversion will begin on the low-to-high 
transition of the CLOCK pulse. Q11 will then assume 
the state of pin 23. If pin 23 is high, Q11 will be high; 
if pin 23 is low, Q1 1 will remain low. At the same time, 
the next bit, Q10 is set low. All remaining bits, QO— Q9 



Supply Current vs 
Supply Voltage 



0 5 10 15 

SUPPLY VOLTAGE (±V) 


will remain unchanged (high). This process will continue 
until the LSB (QO) is found. When the conversion 
process is completed, it is indicated by CONVERSION 
COMPLETE (CC) (pin 14) going low. The logic levels at 
the data output pins (pins 1—12) are the complemented- 
binary representation of the converted analog signal with 
Q11 being the MSB and QO being the LSB. The register 
will remain in the above state until the SC is again taken 
low. 

An application example is shown in Figure 1. In this 
case, a 0 to -10.2375V input is being converted using 
the ADC1210 with V + = 10.240V, V~ = -15V. Figure 
1b is the timing diagram for full scale input. Figure 1c 
is the timing diagram for zero scale input, Figure Id is 
the timingdiagram for~3.4125V input (010101010101 = 
output). 
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0 1 2 3 4 5 6 7 8 9 10 It 12 13 14 



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
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Q1 

00 

CC 


r~LS 


1—1 

1 

1 r~ 

1 

\ I 
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1 I 

1 

L_ 

L 

j- CONVERSION TIME : -J 

FIGURE Id. Timing Diagram for V, N = -3.4125V (010101010101) 
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Applications Information (Continued) 

TABLE I. Pin Assignments and Explanations 


PIN NUMBER 

MNEMONIC 

FUNCTION 

1-12 

Q11-Q0 

Digital (data) output pins. This information is a parallel 12-bit complemented binary 
representation of the converted analog signal. All data is valid when "Conversion Com- 
plete" goes low. Logic levels are ground and V + . 

13 

SC 

Start Conversion is a logic input which causes synchronous reset of the successive approx- 
imation register and initiates conversion. Logic levels are ground and V + . 

14 

CC 

'■'Conversion Complete" is a digital output signal which indicates the status of the con- 
verter. When CC is high, conversion is taking place, when low conversion is completed. 

Logic levels are ground and V + . 

15, 16 

R27, R28 

R27 and R28 are two application resistors connected to the comparator non-inverting 
input. The resistors may be used in various modes of operation. Their nominal values are 

20 k£2 each. See Applications section. 

17 

+IN 

Non-inverting input of the analog comparator. This node is used in various configura- 
tions and for compensation of the loop. See Applications section. 

18, 19 

R25, R26 

R25 and R26 are two application resistors that are tied internally to the inverting input 
of the comparator. Their nominal values are 200 k£2 each. See Applications 
section. The R-2R ladder network will have the same temperature coefficient as these 
resistors. 

20 

v- 

Negative supply voltage for bias of the analog comparator. Optionally may be grounded 
or operated with voltages to -20V. 

21 

GND 

Ground for both digital and analog signals. 

22 

V+ < V REF> 

V + sets both maximum full scale and input and output logic levels. 

23 

CO 

Comparator output. 

24 

c P 

Clock is an input which causes the successive approximation (shift) register to advance 
through the conversion sequence. Logic levels are ground and V + . 


POWER SUPPLY CONSIDERATIONS AND 
DECOUPLING 

Pin 22 is both the positive supply and voltage reference 
input to the ADC1 21 0, ADC1 211. The magnitude of V + 
determines the input logic "1" threshold and the output 
voltage from the CMOS SAR. The device will operate 
over a range of V + from 5V to 15V. However, in order 
to preserve 12-bit accuracy, V + should be well regulated 
(0.01%) and isolated from external switching transients. 
It is therefore recommended that pin 22 be decoupled 
with a 4.7 juF tantalum capacitor in parallel with a 
0.1 juF ceramic disc capacitor. 

The V - supply (pin 20) provides negative bias for the 
FET comparator. Although pin 20 may be grounded in 
some applications, it must be at least 2V more negative 
than the most negative analog input signal. When a nega- 
tive supply is used, pin 20 should also be bypassed with 
4.7 n F in parallel with 0.1 /iF. 

Grounding and circuit layout are extremely important 
in preserving 12-bit accuracy. The user is advised to 
employ separate digital and analog returns, and to make 
these PC board traces as "heavy" as practical. 

SHORT CYCLE FOR IMPROVED CONVERSION 
TIME (FIGURE 2) 

The ADC1210, ADC1211 counting sequence may be 
truncated to decrease conversion time. For example, 
when using the ADC1211, 2 clock intervals may be 


"saved" if 10-bit conversion accuracy is taking place. 
The Q2 outputjhould be "OR'd" with CONVERSION 
COMPLETE (CC) in order to ensure that the register 
does not lock-up upon power turn-on. 



Jn^C H- 

Ec 

ADC1211 

QO Q1 Q2 Q3 Q4 QS Q6 Q7 Q8 Q9 Q10 

§c 1/4 MM74C32 

Q11 

1 1 2 3 4 5 6 7 8 9 IQ 1 

f 


DIGITAL OUTPUTS 

FIGURE 2. Short Cycling the ADC1211 to Improve 
10-Bit Conversion Time (Continuous Conversion) 

LOGIC COMPATIBILITY 

The ADC1210, ADC1211 is intended to interface with 
CMOS logic levels: i.e., the logic inputs and outputs 
are directly compatible with series 54C/74Cand CD4000 
family of logic components. The outputs of the 
ADC1210, ADC1211 will not drive LPTTL, TTL or 
PMOS logic directly without degrading accuracy. Various 
recommended interface techniques are shown in Figures 
3 and 4. 

OPERATING CONFIGURATIONS 

\ 

Several recommended operating configurations are 
shown in Figure 5. 
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FIGURE 6. Offset and Full Scale Adjustment for Complementary Binary 


R1 is adjusted until the .LSB output flickers equally 
between logic "1" and logic “0" (all other outputs must 
be a stable logic "0"). For Offset Null, an analog voltage 
equal to 1/2 LSB (1.25 mV) is then applied to pins 18 
and 19, and R2, is adjusted until the LSB output flickers 
equally between logic "1" and "0". 



FIGURE 7. Offset and Full-Scale Adjustment 
Technique Using LH0071 


In both techniques shown , adjusting the Full-Scale first 
and then Offset minimizes adjustment interaction. At 
least one iteration is recommended as a self-check. 

Definition of Terms 

Resolution: The Resolution of an A/D is an expression 
of the smallest change in input which will increment 
(or decrement) the output from one code to the next 
adjacent code. It is defined in number of bits, or 1 
part in 2 n . The ADC1210 and ADC1211 have a resolu- 
tion of 12 bits or 1 part in 4,096 (0.0244%). 

Quantization Uncertainty: Quantization Uncertainty is 
a direct consequence of the resolution of the converter. 
All analog voltages within a given range are represented 
by a single digital output code. There is, therefore, an 
inherent conversion error even for a perfect A/D. As an 
example, the transfer characteristic of a perfect 3-bit 
A/D is shown in Figure 8. 

As can be seen, all input voltages between 0V and IV 
are represented by an output code of 000. All input 
voltages between IV and 2V are represented by an 
output code of 001, etc. If the midpoint of the range is 
assumed to be the nominal value (e.g., 0.5V), there is an 
Uncertainty of ±1/2 LSB. It is common practice to 



ANALOG INPUT VOLTAGE 

FIGURE 8. Quantization Uncertainty 
of a Perfect 3-Bit A/D 

offset the converter 1/2 LSB in order to reduce the 
Uncertainty to ±1/2 LSB as shown in Figure 9. Rather 
than +1,.— 0 bit shown in Figure 8. Quantization Uncer- 
tainty can only be reduced by increasing Resolution. 
It is expressed as ±1/2 LSB or as an error percentage of 
full scale (±0.0122% FS for the ADC1210). 



ANALOG INPUT VOLTAGE 


FIGURE 9. Transfer Characteristic Offset 
1/2 LSB to Minimize Quantizing Uncertainty 

Linearity Error: Linearity Error is the maximum devia- 
tion from a straight line passing through the end points 
of the A/D transfer characteristic. It is measured after 
calibrating Zero and Full Scale Error. The Linearity 
Error of the ADC1210 is guaranteed to be less than 
±1/2 LSB or ±0.0122% of FS and ±0.0488% of FS for 
the AD1211. Linearity is a performance characteristic 
intrinsic to the device and cannot be externally adjusted. 

Zero Scale Error (or Offset): Zero Scale Error is a 
measure of the difference between the output of an 
ideal and the actual A/D for zero input voltage. As 
shown in Figure 10, the effect of Zero Scale Error is 
to shift the transfer characteristic to the right or left 
along the abscissa. Any voltage more negative than the 
LSB transition gives an output code of 000. In practice, 
therefore, the voltage at which the 000 to 001 transition 
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Applications information (Continued) 

takes place is ascertained, this input voltage's departure 
from the ideal value is defined as the Zero Scale Error 
(Offset) and is expressed as a percentage of FS. In the 
example of Figure 10, the offset is 2 LSB's or 0.286% 
of FS. 

The Zero Scale Error of the ADC1210, ADC1211 is 
caused primarily by offset voltage in the comparator. 
Because it is common practice to offset the A/D 1/2 LSB 
to minimize Quantization Error, the offsetting techniques 
described in the Applications Section may be used to 
null Zero Scale Error and accomplish the 1/2 LSB 
offset at the same time. 

Full Scale Error (or Gain Error): Full Scale Error is a 
measure of the difference between the output of an 
ideal A/D converter and the actual A/D for an input 
voltage equal to full scale. As shown in Figure 11, the 
Full Scale Error effect is to rotate the transfer charac- 
teristic angularly about the origin. Any voltage more 
positive than the Full Scale transition gives an output 
code of 111. In practice, therefore, the voltage at which 
the transition from 111 to 110 occurs is ascertained. 
The input voltage's departure from the ideal value is 
defined as Full Scale Error and is expressed as a per- 
centage of FS. In the example of Figure 11, Full Scale 
Error is 1 1/2 LSB's, or 0.214% of FS. 

Full Scale Error of the ADC1210, ADC1211 is due 
primarily to mismatch in the R-2R ladder equivalent 


“ iio 
£ 101 
° 100 
t Oil 
5 010 
001 
000 

01 2 345678 “ 

ANALOG INPUT VOLTAGE 

FIGURE 11. Full Scale (Gain Error) 


Ordering Information 


PART NUMBER 

OPERATING TEMPERATURE 
RANGE 

25° C 

LINEARITY 

ADC1210HD 

-55° C to +125°C 

0.01% 

ADC1210HCD 

-25°C to +85° C 

0.01% 

ADC1211HD 

-55°C to +125 b C 

0.05% 

ADC121 1HCD 

-25° C to +85° C 

. 0.05% 


*See NS Package HY24A 
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ANALOG INPUT VOLTAGE . 

FIGURE 10. A/D Transfer Characteristic with Offset 


output impedance and input resistors R25, R26, R27, 
and R28. The gain error may be adjusted to zero as 
outlined in the Applications section. 

Monotonicity and Missing Codes: Monotonicity is a 
property of a D/A which requires an increasing or 
constant output voltage for an increasing digital input 
code. Monotonicity of a D/A converter does not, in 
itself, guarantee that an A/D built with that D/A will 
not have missing codes. However, the ADC1210 and 
ADC1211 are guaranteed to have no missing codes. 

Conversion Time: The ADC1210, ADC1211 are succes- 
sive approximation A/D converters requiring 13 clock 
intervals for a conversion to specified accuracy for the 
ADC1210 and 11 clocks for the ADC1211. There is 
a trade-off between accuracy and clock frequency due 
to settling time of the ladder and propagation delay 
through the comparator. By modifying the hysteresis 
network around the comparator, conversions with 10- 
bit accuracy can be made in 30 jus . Replace Ra, Rb 
and Ca in Figure 5 with a 10 MO resistor between 
pin 23 (Comparator Output) and pin 17 (+ IN), and 
increase the clock rate to 366 kHz. 

In order to prevent errors during conversion, the analog 
input voltage should not be allowed to change by more 
than ±1/2 LSB. This places a maximum slew rate of 
12.5 juV/jus bn the analog input voltage. The usual solu- 
tion to this restriction is to place a Sample and Hold in 
front of the A/D. See AN-154 for additional information. 




National 

Semiconductor 


A to D, D to A 


DAC0800 (LMDAC08) 8-Bit Digital-to- Analog Converter 


General Description 

The DAC08 is a monolithic 8-bit high-speed current- 
output digital-to-analog converter (DAC) featuring 
typical settling times of 100 ns. When used as a 
multiplying DAC, monotonic performance over a 40 to 
1 reference current range is possible. The DAC08 also 
features high compliance complementary current outputs 
to allow differential output voltages of 20 Vp-p with 
simple resistor loads as shown in Figure 1 . The reference- 
to-full-scale current matching of better than ±1 LSB 
eliminates the need for full scale trims in most applica- 
tions while the nonlinearities of better than ±0.1% over 
temperature minimizes system error accumulations. 

The noise immune inputs of the DAC08 will accept 
TTL levels with the logic threshold pin, V [_(?, pin 1 
grounded. Simple adjustments of the V[_c potential 
allow direct interface to all logic families. The perfor- 
mance and characteristics of the device are essentially 
unchanged over the full +4.5V to ±18V power supply 
range; power dissipation is only 33 mW with ±5 V 
supplies and is independent of the logic input states. 


The DAC0800L, DAC0802L, DAC0800LC, DAC0801 LC 
and DAC0802LC are a direct replacement for the 
DAC08, DAC08A, DAC08C, DAC08E and DAC08H, 
respectively. 

Features 

■ Fast settling output current 

■ Full scale error 

■ Nonlinearity over temperature 

■ Full scale current drift 

■ High output compliance 

■ Complementary current outputs 

■ Interface directly with TTL, CMOS,. PMOS and 
others 

■ 2 quadrant wide range multiplying capability 

■ Wide power supply range ±4.5V to ±18V 

■ Low power consumption 33 mW at ±5V 

■ Low cost 


100 ns 
±1 LSB 
±0.1% 
, ±10ppm/°C 
-10 V to +18V 


Typical Applications 


Connection Diagram 



Dual-ln-Line Package 



FIGURE 1. ±20 Vp-p Output Digital-to-Analog Converter 


Ordering information 


NON LINEARITY 

TEMPERATURE 

1 - 


ORDER NUMBERS* 



RANGE 

| D PACKAGE (D16C) 1 

I J PACKAGE (J16A) ! 

i N PACKAGE (N16A) 

±0.1% FS 

±0.1% FS 

-55°C<T A <+125°C 
0°C<T A < + 70 o C 

DAC0802LD 

LMDAC08AD 

DAC0802LCJ 

LMDAC08HJ 

DAC0802LCN 

LMDAC08HN 

±0.19% FS 

±0.19% FS 

±0.39% FS 

-55° C < T A < + 125°C 
0°C< T A <+70°C 
0°C<T A <+70°C I 

DAC0800LD 

LMDAC08D 

DAC0800LCJ 

DAC0801 LCJ 

LMDAC08EJ 

LMDAC08CJ 

DAC0800LCN 

DAC0801 LCN 

LMDAC08EN 

LMDAC08CN 


*Note. Devices may be ordered by using either order number. 
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Absolute Maximum Ratings 


Operating Conditions 




Supply Voltage 

±18V or 36V 







MIN MAX 

UNITS 

Power Dissipation (Note 1) 

500 mW 


Temperature (Ta) 







Reference Input Differential Voltage (VI 4 to VI 5) V~ to V + 



DAC0802LA, LMDAC08A 

-55 

+125 

°C 

Reference Input Common-Mode Range (VI 4, VI 5) V“ to V + 



DAC0800L, LMDAC08 

-55 

+125 

°c 

Reference Input Current 











Logic Inputs 

Analog Current Outputs 

V“ to V“ plus 36V 



DAC0800LC, LMDAC08E, 
DAC0801 LC, LMDAC08C, 

0 

0 

+70 

+70 

°c 

°c 

Storage Temperature 

— 65°C to +1 50° C 


DAC0802LC, LMDAC08H 

0 

+70 

°c 

Lead Temperature (Soldering, 10 seconds) 300° C 











Electrical Characteristics <v s = ±i5v, i REF 

= 2 mA, TjvnN < Ta < Tmax unless otherwise specified. 


Output characteristics refer to both IqUT and 'OUT-) 














DAC0802L/ 

DAC0800L/ 






PARAMETER 

CONDITIONS 

DAC0802LC 

DAC0800LC 

UACUoUl LC 

UNITS 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 



Resolution 


8 

8 

8 

8 

8 

8 

8 

8 

8 

Bits 


Monotonicity 


8 

8 

' 8 

8 

8 

8 

8 

8 

8 

Bits 


Nonlinearity 




±0.1 



±0.19 



±0.39 

%FS 

ts 

Settling Time 

To ±1/2 LSB, All Bits Switched 


100 

135 





100 

150 

ns 



"ON" or "OFF", T A = 25°C 













DAC0800L 



• 


100 

135 




ns 



DAC0800LC 





100 

150 




ns 

tpLH- tPHL Propagation Delay 

T A = 25°C 












Each Bit 



35 

60 


35 

60 


35 

60 

ns 


All Bits Switched 



35 

60 


35 

60 


35 

60 

ns 

TCIfs 

Full Scale Tempco 



±10 

±50 


±10 

±50 


±10 

±80 

ppm/°C 

Voc 

Output Voltage Compliance 

Full Scale Current Change 

< 1/2 lsb, rout > 20 Mn t yp 

-10 


18 

-10 


18 

-10 


18 

V 

IFS4 

Full Scale Current 

VREF = 10.000V, R14 = 5.000 k ft 
R15 = 5.000 kJ2, T A = 25° C 

1.984 

1.992 

2.000 

1.94 

1.99 

2.04 

1.94 

1.99 

2.04 

mA 

•fss 

Full Scale Symmetry 

IFS4-IFS2 


±0.5 

±4.0 


±1 

±8.0 


±2 

±16 

juA 

•ZS 

Zero Scale Current 



0.1 

1.0 


0.2 

2.0 


0.2 

4.0 

pA 

IFSR 

Output Current Range 

V - = — 5V 

0 

2.0 

2.1 

0 

2.0 

2.1 

0 

2.0 

. 2.1 

mA 



V~ = — 8V to -18V 

0 

2.0 

4.2 

0 

2.0 

4.2 

0 

2.0 

4.2 

mA 


Logic Input Levels 












V|L 

Logic "0" 

> 

0 

11 

3 

> 



0.8 



0.8 



0.8 

V 

V|H 

Logic "1” 


2.0 



2.0 



2.0 



V 


Logic Input Current 

VLC = 0V 











•iL 

Logic "0" 

-10V < V||\J<+0.8V 


-2.0 

-10 


-2.0 

-10 


-2.0 

-10 

juA 

IlH 

Logic "1" 

2V< V|N<+18V 


0.002 

10 


0.002 

10 


0.002 

10 

HA 

V|S 

Logic Input Swing 

V"= -15V 

-10 


18 

-10 


18 

-10 


18 

V 

vthr 

Logic Threshold Range 

V S = ±15V 

-10 


13.5 

-10 


13.5 

-10 


13.5 

V 

'15 

Reference Bias Current 



-1.0 

-3.0 


- 1.0 " 

-3.0 


-1.0 

-3.0 

pA 

dl/dt 

Reference Input Slew Rate 

(Figure 24) 


8.0 



8.0 



8.0 


mA/ps 

PSSIFS+ 

Power Supply Sensitivity 

4.5V < V + < 18V 


0.0001 

0.01 


0.0001 

0.01 


0.0001 

0.01 

%/% 

PSSlFS- 


-4.5V <V~< 18V 


0.0001 

0.01 


0.0001 

0.01 


0.0001 

0.01 

%/% 



*REF = 1mA 












Power Supply Current 

Vg = ±5V, Iref -1mA 











1+ 




2.3 

3.8 


2.3 

3.8 


2.3 

3.8 

mA 

1- 


V S = 5V,-15V, Iref = 2 mA 


-4.3 

-5.8 


-4.3 

-5.8 


-4.3 

-5.8 

mA 

I+- 




2.4 

3.8 


2.4 

3.8 


2.4 

3.8 

mA 

1- 


V 


-6.4 

-7.8 


-6.4 

-7.8 


-6.4 

-7.8 

mA 



Vs = ±15V, Iref ~ 2 mA 











1+ 




2.5 

3.8 


2.5 

3.8 


2.5 

3.8 

mA 

1- 




-6.5 

-7.8 


-6.5 

-7.8 


-6.5 

-7.8 

mA 

pd 

Power Dissipation 

±5V, Iref = 1 mA 


33 

48 


33 

48 


33 

48 

mW 



5V, -15V, Iref = 2 mA 


108 

•136 


108 

136 


108 

136 

mW 



±15V, Iref = 2 mA 


135 

174 


135 

174 . 


135 

174 

mW 

Note 1: 

The maximum junction temperature of the DAC0800, DAC0801 and DAC0802 is 100°C. For operating at elevated temperatures, devices 

in the dual-in-line J or D package must be derated based on a thermal resistance of 100°C/W, junction to ambient, 175°C/W for the molded dual- 

in-line N package. 
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Typical Performance Characteristics (Continued) 


Power Supply Current vs + V 


Power Supply Current vs V 


Power Supply Current 
vs Temperature 
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FIGURE 12 

Typical Applications (Continued) 

DIGITAL INPUTS 
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FIGURE 13 
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T a - TEMPERATURE { C) 

FIGURE 14 


I B2 B3 B4 B5 B6 B7 I 


, ^ +V REF 

,FS ~^T 


255 

256 



lO + *0 = I FS for all 
logic states 


For fixed reference, TTL operation, 
typical values are: 

V REF = 10.000V 
R REF = 5.000k 
R15 « RreF 
C C =0.01 juF 
V lc = OV (Ground) 


FIGURE 15. Basic Positive Reference Operation 


+ l REF =2mA 




LOW TC 
4.5k 

*1V 


Rref 

|— *AAAr~— 1 14 


4 

APPROX 

■Sir 5k 

t 


FIGURE 16. Recommended Full Scale Adjustment Circuit 



-V REF 255 Note. R REF sets l F s; R15 is 
*FS ~ x 256 f° r I 3 ' 35 currer >t cancellation 

FIGURE 17. Basic Negative Reference Operation 


DIGITAL INPUTS 




B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

l<3 mA 

Iq mA 

Eo 

e O 

Full Scale 

1 

1 

1 

1 

1 

1 

1 

1 

1.992 

0.000 

-9.960 

0.000 

Full Scale— LSB 

1 

1 

1 

1 

1 

1 

1 

0 

1.984 

0.008 

-9.920 

-0.040 

Half Scale+LSB 

1 

0 

0 

0 

0 

0 

0 

1 

1.008 

0.984 

-5.040 

-4.920 

Half Scale 

1 

0 

0 

0 

0 

0 

0 

0 

1.000 

0.992 

-5.000 

-4.960 

Half Scale- LSB 

0 

1 

1 

1 

1 

1 

1 

1 

0.992 

1.000 

-4.960 

-5.000 

Zero Scale+LSB 

0 

0 

0 

0 

0 

0 

0 

1 

0.008 

1.984 

-0.040 

-9.920 

Zero Scale 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

1.992 

0.000 

-9.960 


FIGURE 18. Basic Unipolar Negative Operation 
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IS 


Pos. Full Scale 
Pos. Full Scale— LSB 
Zero Scale+LSB 
Zero Scale 
Zero Scale- LSB 
Neg. Full Scale+LSB 
Neg. Full Scale 
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Typical Applications (Continued) 


V TH = V LC + 1.4V 

15V CMOS. HTL. HNIL p MOS 

V TH “ 7-6V V TH = OV 





3.6k > 0.1 mF 


10K ECl 
V TH 2-1.29V 




Typical values: R||\j = 5k, +V||\j = 10V 


-5.2V V LC 


Note. Do not exceed negative logic input range of DAC. 


FIGURE 23. Interfacing with Various Logic Families 


FIGURE 24. Pulsed Reference Operation 




(a) Iref peak negative swing of l||\| 


(b) +Vref must be above peak positive swing of Vj| 


FIGURE 25. Accommodating Bipolar References 


FOB TURN "ON". V L = 2.7V v f 
FOB TURN "OFF". Vl = 0.7V 


MINIMUM > Ik 
CAPACITANCE \V 


R REF I 5 g 7 B 9 10 11 12 
+ VrefO— A/VVHh 


FIGURE 26i Settling Time Measurement 
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AC0800 (LMDAC08) 



DAC0800 (LMDAC08) 



2.5 kfi and R4 to 2 Mfi. 

FIGURE 27. A Complete 2 ms Conversion Time, 8-Bit A/D Converter 
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A to D, D to A 
DAC0808, DAC0807, DAC0806 8- Bit D/A Converters 



National 

Semiconductor 


General Description 

The DAC0808 series is an 8-bit monolithic digital-to- 
analog converter (DAC) featuring a full scale output 
current settling time of 150 ns while dissipating only 
33 mW with ±5V supplies. No reference current (Iref) 
trimming is required for most applications since the full 
scale output current is typically ±1 LSB of 255 Iref/ 
256. Relative accuracies of better than ±0.19% assure 
8-bit monotonicity and linearity while zero level output 
current of less than 4 nA provides 8-bit zero accuracy 
for Iref > 2 mA. The power supply currents of the 
DAC0808 series are independent of bit codes, and 
exhibits essentially constant device characteristics over 
the entire supply voltage range. 


Features 

■ Relative accuracy: ±0.19% error maximum 
(DAC0808) 

■ Full scale current match: ±1 LSB typ 

■ 7 and 6-bit accuracy available (DAC0807, DAC0806) 

■ Fast settling time: 150 ns typ 

■ Noninverting digital inputs are TTL and CMOS 
compatible 

■ High speed multiplying input slew rate: 8 vr\A/fis 

■ Power supply voltage range: ±4.5V to ±18V 

■ Low power consumption: 33 mW @ ±5V 


The DAC0808 will interface directly with popular TTL, 
DTL or CMOS logic levels, and is a direct replacement 
for the MC1508/MC1408. For higher speed applications, 
see DAC0800 data sheet. 


Block and Connection Diagrams 


MSB LSB 

A1 A2 A3 A4 A5 A6 A7 A8 




Typical Application 


DIGITAL 

INPUTS 


V CC = 5V 



A8 

256 


) 


FIGURE 1. ±10V Output Digital to Analog Converter 

Ordering Information 


ACCURACY 

OPERATING TEMPERATURE 

RANGE 

r ORDER NUMBERS* 

[ D PACKAGE (D16C) j 

1 J PACKAGE (J16A) | 

| N PACKAGE (N16AI 

8-bit 

-55°C<T A <+125°C 

DAC0808LD 

LM1 5Q8D-8 





8-bit 

0°C<Ta<+75°C 



DAC0808LCJ 

LM1408J-8 

DAC0808LCN 

LM1408N-8 

7-bit 

0°C < T A < +75°C 



DAC0807 LCJ 

LM1408J-7 

DAC0807LCN 

LM1408N-7 

6-bit 

0°C < Ta < +75°C 



DAC0806LCJ 

LM1408J-6 

DAC0806LCN 

LM1408N-6 


*Note. Devices. may be ordered by using either order number. 
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DAC0808, DAC0807, DAC0806 


Absolute Maximum Ratings (T/\ = 25°C unless otherwise noted) 


Power Supply Voltage 
V CC 
V EE 

Digital Input Voltage, V5— V12 
Applied Output Voltage, Vq 
Reference Current, 1 14 
Reference Amplifier Inputs, V14, V15 


+18 V DC 
-18 V DC 

-10 Vqc to +18 Vqc 
-1 1 Vqc to +18 Vqc 

5 mA 
VCC. V EE 


Power Dissipation (Package Limitation) 
Cavity Package 
Derate above T/\ = 25° C 
Operating Temperature Range 
DAC0808L 
DAC0808LC Series 
Storage Temperature Range 


1000 mW 
6.7 mW/°C 

-55°C<T A <+125°C 
0 < T a < +75° C 
-65° C to +150°C 


Electrical Characteristics 

(Vcc = 5V, Vee = -15 Vdc. Vr EF /R 14 = 2 mA, DAC0808L: Ta = -55’ C to +125°C, DAC0808LC, DAC0807LC, 
DAC0806LC, Ta = 0°C to +75°C, and all digital inputs at high logic level unless otherwise noted.) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

E r 

Relative Accuracy (Error Relative 

to Full Scale lo) 

( Figure 4) 



' 

% 


DAC0808L (LM 1508-8), 

DAC0808LC (LM1408-8) 




±0.19 

■ 

% 


DAC0807LC (LM1408-7), (Note 1) 




±0.39 

% 


DAC0806LC (LM 1408-6), (Note 1) 




±0.78 

% 


Settling Time to Within 1/2 LSB 

T A = 25° C (Note 2), 


150 


ns 


(Includes tp[_|-|) 

(Figure 5) 





tPLH. 

Propagation Delay Time 

T A = 25° C, (Figure 5) . 


30 

! 100 

ns 

tPHL 





_ 


TCI 0 

Output Full Scale Current Drift 



±20 


ppm/°C 

MSB 

Digital Input Logic Levels 

(Figure 3) 


' 

. 


V|H 

High Level, Logic "I" 


2 



VDC 

V|L 

Low Level, Logic "O" 


, 


0.8 

Vdc 

MSB 

Digital Input Current 

(Figure 3) 






High Level 

> 

LO 

II 

X 

> 


! O' 

0.040 

mA 


Low Level 

V||_ = 0.8 V 


-0.003 

-0.8 

mA 

1 1 5 

Reference Input Bias Current 

(Figure 3) 


-1 

-5 

juA 


Output Current Range 

(Figure 3) 
vee = -5v 

0 

2.0 

2.1 

mA 



Vee = —15V, Ta = 25°C 

0 

2.0 

4.2 

mA 

•o 

Output Current 

V REF = 2.000V, 

R14 = 1000ft, 

(Figure 3) 

1.9 

1.99 

2.1 

mA 


Output Current, All Bits Low 

(Figure 3) 


0 

4 



Output Voltage Compliance 

Pin 1 Grounded, 

E r < 0.19%, Ta = 25°C 



. -0.55, +0.4 

vdc 


Vee Below -10V 




-5.0, +0.4 

v D c 

SRIref 

Reference Current Slew Rate 

(Figure 6) 


8 


mA//is 


Output Current Power Supply 

Sensitivity 

-5V < Vee < “16.5V 


0.05 

2.7 

juA/V 


Power Supply Current (All Bits. 

Low) 

(Figure 3) 





<cc 




2.3 

22 

mA 

* EE 

Power Supply Voltage Range 

Ta = 25° C, (Figure 3) 


-4.3 

-13 

mA 

Vcc 



4.5 

5.0 

5.5 

v DC 

v ee ' 

Power Dissipation 


-4.5 

-15 

-16.5 

v D c 


All Bits Low 

vcc = 5v, vee = -5v 


33 

170 

mW 



vcc = 5v, vee = -i5v 


106 

305 

mW 


All Bits High 

Vcc= 15V, VeE = -5V 


90 


mW 



vcc = 15V, vee = -i5v 


160 

. 

mW 


Note 1 : Ail current switches are tested to guarantee at least 50% of rated current. 
Note 2: All bits switched. 

Note 3: Range control is not required. 
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Typical Performance Characteristics 

Vcc = 5V, VgE = —15V, Ta = 25° C, unless otherwise noted 


Logic Input Current vs 
Input Voltage 



-12-10-8-6 -4-20 2 4 6 8 10 12 1416 18 
V L - LOGIC INPUT VOLTAGE (V) 


Bit Transfer Characteristics 



V L - LOGIC INPUT VOLTAGE (V) 


Logic Threshold Voltage vs 



-55 -37-19 -1 17 35 53 71 89 107 125 
T A - TEMPERATURE (°C) 


Output Current vs Output 
Voltage (Output Voltage 
Compliance) 


Output Voltage Compliance 
vs Temperature 


ALL BITS "0I\ 
1 1 

r 

Z 




Vee 

=-i 

iV 

vee 

= -5 

ir 



nr 



r 



4 = 2 

mA 






_ 

Z 

r 

mA 






114=1 

r 





nr 

rz 

ET 

1 

* 





r 

r 





' 

• 

4 = l mfl 

£ : 


n 

i 



__L_ 


-14 -10 -6 -2 2 6 10 14 18 


; 





1 



vSS 

s[^S 

s\\ 

W 






1 

1® 



"i 

sh; 

p 

V 

V 

VDE 

ERM 

OLT 

EE = 

AF 

ISS 

AGE 

s 

EA 

BLE 

: ra 

iV, 1 

ND 

OU' 

NGE 

14 = 

! 

CAl 

rpui 

FO 

2 m 

I 

R 

A 

i 

~ 

- 



|| 

1 

n 


| 

I 






— 



_ 





-50 0 50 100 150 


V 0 - OUTPUT VOLTAGE (V) 


TEMPERATURE TCI 


Typical Power Supply 
Current vs Temperature 



TEMPERATURE (°C) 


Typical Power Supply 
Current vs V|=|= 



0 _2 -4 -6 -8 -10-12-14-16-18-20 
V EE - NEGATIVE POWER SUPPLY (V) 


Typical Power Supply 
Current vs Vqc 



0 2 4 6 8 10 12 14 16 18 20 

V CC - POSITIVE POWER SUPPLY (V)' 


Reference Input 
Frequency Response 



0.1 0.3 1 3 10 

f- FREQUENCY (MHz) 


Unless otherwise specified: R14 = 
R1 5 = 1 kn,C = 15 pF,pin 16toV EE ; 
R[_ = 50J2, pin 4 to ground. 

Curve A: Large Signal Bandwidth 
Method of Figure 7, Vref = 2 Vp-p 
offset 1 V above ground 
Curve B: Small Signal Bandwidth 
Method of Figure 7, R(_ = 250f2, 
V REF = 50 mVp-p offset 200 mV 
above ground. 

Curve C: Large and Small Signal 
Bandwidth Method of Figure 9 (no 
op amp, Rl = 50n), Rs = 50S2, 
VreF = 2V, V$ = 100 mVp-p cen- 
tered at OV. 
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Test Circuits 



V | and li apply to inputs A1— A8. 

The resistor tied to pin 15 is to temperature compensate the 
bias current and may not be necessary for all applications. 

/ A1 A2 A4 A5 A6 A7 A8 \ 
U \ 2 4 16 32 64 128 256/ 

Vrcc 

where K= - - r 
R14 

and An = "1" if An is at high level 
An = “O'* if An is at low level 


FIGURE 3. Notation Definitions Test Circuit 

MSB 



..ERROR 
J (1V = 1%) 


Vee 

FIGURE 4. Relative Accuracy Test Circuit 




FIGURE 5. Transient Response and Settling Time 
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Test Circuits (Continued) 
v cc 



Vcc 


UT_ 


SLEWING 

TIME 

dl 1 dV 
dt Rl dt 



FIGURE 6. Reference Current Slew Rate Measurement 


V CC 


FIGURE 7. Positive Vref 


Vs 



FIGURE 8. Negative V REF 



FIGURE 9. Programmable Gain Amplifier or Digital Attenuator Circuit 


Application Hints 

REFERENCE AMPLIFIER DRIVE AND COMPEN- 
SATION 

The reference amplifier provides a voltage at pin 14 for 
converting the reference voltage to a current, and a 
turn-around circuit or current mirror for feeding the 
ladder. The reference amplifier input current, 1 14 , must 
always flow into pin 14, regardless of the set-up method 
or reference voltage polarity. 

Connections for a positive voltage are shown in Figure 7. 
The reference voltage source supplies the full current 


1 1 4 . For bipolar reference signals, as in the multiplying 
mode, R15 can be tied to a negative voltage corres- 
ponding to the minimum input level. It is possible to 
eliminate R15 with only a small sacrifice in accuracy 
and temperature drift. 

The compensation capacitor value must be increased 
with increases in R14 to maintain proper phase margin; 
for R14 values of 1, 2.5 and 5 k£2, minimum capacitor 
values are 15, 37 and 75 pF. The capacitor may be tied 
to either Vee or ground, but using Vee increases 
negative supply rejection. 
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Application Hints (Continued) 

A negative reference voltage may be used if R14 is 
grounded and the reference voltage is applied to R15 as 
shown in Figure 8. A high input impedance is the main 
advantage of this method. Compensation involves a 
capacitor to Vee on P ,n 16, using the values of the 
previous paragraph. The negative reference voltage must 
be at least 4V above the Vee supply. Bipolar input 
signals may be handled by connecting R14 to a positive 
reference voltage equal to the peak positive input level 
at pin 15. 

When a DC reference voltage is used, capacitive bypass 
to ground is recommended. The 5V logic supply is not 
recommended as a reference voltage. If a well regulated 
5V supply which drives logic is to be used as the refer- 
ence, R14 should be decoupled by connecting it to 
5 V through another resistor and bypassing the junction 
of the 2 resistors with 0.1 ju F to ground. For reference 
voltages greater than 5V, a clamp diode is recommended 
between pin 14 and ground. 

If pin 14 is driven by a high impedance such as a 
transistor current source, none of the above compensa- 
tion methods apply and the amplifier must be heavily 
compensated, decreasing the overall bandwidth. 

OUTPUT VOLTAGE RANGE 

The voltage on pin 4 is restricted to a range of —0.6 to 
0.5V when Vee = — 5V due to the, current switching 
methods employed in the DAC0808. 

The negative output voltage compliance of the DAC0808 
is extended to — 5V where the negative supply voltage is 
more negative than —10V. Using a full-scale current of 
1.992 mA and load resistor of 2.5 k!2 between pin 4 
and ground will yield a voltage output of 256 levels 
between 0 and -4.980V. Floating pin 1 does not affect 
the converter speed or power dissipation. However, the 
value of the load resistor determines the switching time 
due to increased voltage swing. Values of R|_ up to 
50012 do not significantly affect performance, but a 
2.5 k!2 load increases worst-case settling time to 
1.2 jus (when all bits are switched ON). Refer to the 
subsequent text section on Settling Time for more 
details on output loading. 

OUTPUT CURRENT RANGE 

The output current maximum rating of 4.2 mA may be 
used only for negative supply voltages more negative 
than —7 V, due to the increased voltage drop across the 
resistors in the reference current amplifier. 

ACCURACY 

Absolute accuracy is the measure of each output current 
level with respect to its intended value, and is dependent 
upon relative accuracy and full-scale current drift. 
Relative accuracy is the measure of each output current 
level as a fraction of the full-scale current. The relative 
accuracy of the DAC0808 is essentially constant with 
temperature due to the excellent temperature tracking 


of the monolithic resistor ladder. The reference current 
may drift with temperature, causing a change in the 
absolute accuracy of output current. However, the 
DAC0808 has a very low full-scale current drift with 
temperature. 

The DAC0808 series is guaranteed accurate to within 
±1/2 LSB at a full-scale output current of 1.992 mA. 
This corresponds to a reference amplifier output current 
drive to the ladder network of 2 mA, with the loss of 
1 LSB (8 juA) which is the ladder remainder shunted to 
ground. The input current to pin 14 has a guaranteed 
value of between 1.9 and 2.1 mA, allowing some mis- 
match in the NPN current source pair. The accuracy test 
circuit is shown in Figure 4. The 12-bit converter is 
calibrated for a full-scale output current of 1.992 mA. 
This is an optional step since the DAC0808 accuracy is 
essentially the same between 1.5 and 25 mA. Then the 
DAC0808 circuits' full-scale current is trimmed to the 
same value with R14 so that a zero value appears at the 
error amplifier output. The counter is activated and the 
error band may be displayed on an oscilloscope, detected 
by comparators, or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used to 
construct a 16-bit accuracy D-to-A converter. 16-bit 
accuracy implies a total error of ±1/2 of one part in 
65,536, or ±0.00076%, which is much more accurate 
than the ±0.019% specification provided by the 
DAC0808. 

MULTIPLYING ACCURACY 

The DAC0808 may be used in the multiplying mode 
with 8-bit accuracy when the reference current is varied 
over a range of 256:1. If the reference current in the 
multiplying mode ranges from 16 ;uA to 4 mA, the 
additional error contributions are less than 1.6 jiiA. This 
is well within 8-bit accuracy when referred to full-scale. 

A monotonic converter is one which supplies an increase 
in current for each increment in the binary word. 
Typically, the DAC0808 is monotonic for all values of 
reference current above 0.5 mA. The recommended 
range for operation with a DC reference current is 0.5 to 
4 mA. 

SETTLING TIME 

The worst-case switching condition occurs when all 
bits are switched ON, which corresponds to alow-to-high 
transition for all bits. This time is typically 150 ns 
for settling to within ±1/2 LSB, for 8-bit accuracy, 
and 100 ns to 1/2 LSB for 7 and 6-bit accuracy. The 
turn OFF is typically under 100 ns. These times apply 
when R|_ < 50012 and Co < 25 pF. 

Extra care must be taken in board layout since this is 
usually the dominant factor in satisfactoy test results 
when measuring settling time. Short leads, 100 jd F 
supply bypassing for low frequencies, and minimum 
scope lead length are all mandatory. 
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DAC1000 thru DAC1008 



National 

Semiconductor 


A to D, D to A 


MICRO-DAC:™ 

D AC 1000 through DAC1008 10-Bit, /nP Compatible, 
Double-Buffered D to A Converters 


General Description 

The DAC1000 through DAC1008 are advanced CMOS / 
Si-Cr 10-, 9- and 8-bit accurate multiplying DACs 
which are designed to interface directly with the 
8080, 8048, 8085, Z-80 and other popular micro- 
processors. These DACs appear as a memory 
location or an I/O port to the /iP and no interfacing 
logic is needed. 

These devices, combined with an external amplifier 
and voltage reference, can be used as standard D/A 
converters; and they are very attractive for 
multiplying applications (such as digitally controlled 
gain blocks) since their linearity error is essentially 
independant of the voltage reference. They become 
equally attractive in audio signal processing 
equipment as audio gain controls or as 
programmable attenuators which marry high quality 
audio signal processing to digitally based systems 
under microprocessor control. 

All of these DACs are double buffered. They can load 
all 10 bits or two 8-bit bytes and the data format can 
be either right justified or left justified. The analog 
section of these DACs is essentially the same as that 
of tbe DAC1020. 


Part # 

Accuracy 

(bits) 

Pin 

Description 

DAC1000 

10 

24 

Has all • 

logic 

features 

DAC1001 

9 

DAC1002 

8 

*D AC 1003 

10 

20 

For right- 
justified 
data 

•DAC1004 

9 

•DAC1005 

8 

DAC1006 

10 

20 

For left- 
justified 
data 

DAC1007 

9 

DAC1008 

8 


'Available on special order 


Features 

■ Uses easy to adjust END POINT specs, NOT BEST 
STRAIGHT LINE FIT 

■ Low power consumption 

■ Direct interface to all popular microprocessors. 

■ Integrated thin film on CMOS structure 

■ Double-buffered, single-buffered or flow through 
digital data inputs. 

■ Loads two 8-bit bytes or a single 10-bit word. 

■ Logic inputs which meet T 2 L voltage level specs 
(1.4V logic threshold). 

■ Works with ±10V reference — full 4-quadrant 
multiplication. 

■ Operates STAND ALONE (without ^P) if desired, 

■ Available in 0.3" standard 20-pin and 0.6" 24-pin 
package. 

Key Specifications 

■ Output Current Settling Time 500ns 

■ Resolution .10 bits 

■ Linearity 10, 9, and 8 bits 

(guaranteed over temp.) 

■ Gain Tempco -0.0003% of FS / °C 

■ Low Power Dissipation 20mW 

(including ladder) 

■ Single Power Supply 5to15V DC 


Typical Application 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (V cc ) 17V DC 

Voltage at Any Digital Input V cc to GND 

Voltage at V REF Input ±25 V 

Storage Temperature Range -65 °C to + 150 °C 

Package Dissipation at T A = 25 °C (Note 3) 875 n>W 

DC Voltage Applied to I 0 ut-i or 

I 0U t 2 (Note 4) - 100 mV to V cc 

Lead Temperature (soldering, 10 seconds) 300 °C 


Operating Conditions (Note 2) 

Temperature Range -40°Cto+85°C 

(part numbers with “LCD” suffix) 
-55°C to +125 °C 
(part numbers with “LD” suffix) 
0°C to 70°C 
(part number with LCN suffix) 
Range of V cc 5Vto16V DC 

Voltage at Any Digital Input V cc to GND 


Converter Characteristics v cc = +15V DC , V RE p = 10.000V DC and T a = 25°C unless otherwise stated 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Resolution 




10 

bits 

Linearity Error 

END POINT ADJUST ONLY (Note 5) 





DAC1000, 1003 and 1006 

Tmin < t a < Tmax (Note 7) 



0.05 

% of FSR 

DAC1001, 1004 and 1007 

-10V < V REF < +10V (Note 6) 



0.1 

% of FSR 

DAC1002, 1005 and 1008 

(For definition of FSR see 

Note 8.) 



0.2 

% of FSR 

Monotonicity 

Tmin < T A < T MAX (Note 8) 





DAC1000, 1003 and 1006 


10 



.Bit 

DAC1001, 1004 and 1007 


9 



Bit 

DAC1002, 1005 and 1008 


8 



Bit 

Gain Error 

-10V < V REF < + 10V (Note 6) 

Using internal R FB resistor 


±0.3 


% of FS 

Gain Error Tempco 

Tmin < T A < T MAX (Note 7) 

Using internal R FB resistor 


-0.0003 


% FS/°C 

Power Supply Rejection 

Digital Input = 1111111111, 

V cc = 14 V to 16 V 


0.003 


% FSR/V 

Reference Input Resistance 
(R of R-2R ladder) 


10 

15 

20 

k Q 

Output Feedthrough Error 

V REF = 20Vp. P , 100kHz, all digital 
inputs low 

D Package 


130 


mVp.p 


N Package 


1 90 


mVp.p 


DC Electrical Characteristics v, 


cc= +15 V dc> V ref = 10.000V DC and T M(N < T A < T MAX (Note 7) 
unless otherwise stated 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Supply Current Drain (l cc ) 



0.5 

2.0 

mA DC 

Output Leakage Current at I 0 ut-| 


' 


200 

nA 

or J OUT2 






Digital Inputs 






Low State Threshold 




0.8 

V DC 

High State Threshold 


2.0 



V D c 

Input Current 

Digital Inputs < 0.8V 


-40 

-150 

pA DC 


Digital Inputs > 2.0V 


1.0 

100 

^Adc 
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AC Electrical Characteristics v cc = + 1 sv DC , v REF = i o.ooov DC and t a = 25 °c 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Iquti Settling Time 


> 

O 

II 

_i 

> 

> 

10 

11 

X 

> 


500 


ns 

Write and XFER Pulse Width 

t w 

V 1L = 0V 

V,h = 5V 

150 

30 


ns 

Data Setup Time 

*DS 

> 

0 

II 

> 

V ih = 5V 

0 



ns 

Data Hold Time 

*DH 

> 

0 

II 

_l 

> 

> 

IO 

II 

X 

> 

90 



ns 

Control Setup Time 

x cs 

> 

0 

II 

-1 

> 

< 

X 

II 

U1 

< 

0 



ns 

Control Hold Time 

tcH 

_< 

r* 

II 

O 

< 

V,h = 5V 

10 

0 


ns 

Output Capacitance 








C OUTi 


All data inputs high 


250 


PF 

C OUT2 





60 


PF 

C OUTl 


All data inputs low 


60 


PF 

C OUT2 





250 


PF 


Note t: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. These 
specifications are not meant to imply that the devices should be operated at these absolute maximum limits. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: This 875 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no 
way to significantly modify the power dissipation) removes concern for heat sinking and maximum junction temperature — even at 
T a = +125 °C. 

Note 4: For current switching applications, both Iouti and I 0 UT 2 must go to ground or the “Virtual Ground” of an operational 
amplifier. For every millivolt offset voltage on Iquti or | 0UT2 i 0 01 0/0 linearity error will be introduced. 

Note 5: This guarantees that after performing a zero and a full scale adjustment (see Application Hints), the plots of all of the 1024 
analog voltage outputs will each be within 0.05% ( V4 LSB) of a straight line which passes through the endpoints (zero and full scale) of 
this output voltage data plot. No adjustment iterations are needed by the user to search for the Best Straight Line fit for each DAC. This 
reduces adjustment costs as compared with Best Straight Line specified DACs. 

Note 6: Tested at V REF = ±10Vdc and V REF = ±1 V DC with the offset voltage of the external op amp nulled. 

Note 7: T M | N = -40°C and T MAX = 85°C for “LCD” suffix parts. T M | N --55°C and T MAX =+125°C for parts with “LD” suffix 
designation. T M | N = 0°Cand T MAX = +70°C for LCN suffix designation. 

Note 8: The unit "FSR” stands for “full scale range.” “Linearity Error” and “Power Supply Rejection” specs are based on this unit to 
eliminate dependence on a particular V REF value and to indicate the true performance of the part. 


Switching Waveforms 
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Typical Performance Characteristics 


Errors vs Supply Voltage 



0 5 10 15 

SUPPLY VOLTAGE Vcc (VQC) 


Errors vs Temperature 



Digital Input Threshold 
vs Supply Voltage 



0.0 5 10 15 


SUPPLY VOLTAGE VCC (V) 


Digital Input Threshold 
vs Temperature 



—55 — 35 — 15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Block and Connection Diagrams 


DAC 1000/ 1001 /1 002 (24-Pin Parts) 



CS WR1 WR2 XFER BYTE 1/ LJ/ NC 


BYTE 2 RJ 


DAC1 000 -1002 
(24-Pin Parts) 



-Vcc 

-NC 
-NC 
- OI 4 
-DI 3 
-DI 2 
-DU 

-Dio (LSB) 

-RFB 

-vref 

-lOUTi 

-I0UT2 
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Block and Connection Diagrams (cont’d) 

DAC1003 Thru 1008 (20-Pin Parts) 


(MSB) Olg 
Dig 
017 

di 6 

015 

di 4 

013 

oi2 

Dll 

(LSB) Dig 



XFER BYTE 1/ 
BYTE 2 


USE DAC1 006-1008 FOR LEFT JUSTIFIED DATA 


DAC1 003 -1008 
(20-Pin Parts) 



-Vcc 

— Dl4 
-DI 3 
— Dl2 
-DH 

-Dio (LSB) 
“RFB 

-vref 

-IOUTi 

-•0UT2 


D AC 1 000/ 1001/1002 — Simple Hookup for a “Quick Look” 



Notes: 

1. For V RE p= - 10.240 Vqc the output voltage steps are approximately lOmV each. 

2. Operation is set up for flow through — no latching of digital input data. 

3. SingJe point ground is strongly recommended. 


DAC1003-1008 — Simple Hookup for a “Quick Look” 



Notes: 

1. For V RE p= -1 0.240 Vqq the output voltage steps are approximately lOmV each. 

2. SW1 is a normally closed switch. While SW1 is closed, the DAC register is latched and new data can be loaded into the input latch 
via the 10 SW2 switches. When SW1 is momentarily opened the new data is transferred from the input latch to the DAC register and 
is latched when SW1 again closes. 
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1.0 Definition of Package Pinouts 

1.1 Control Signals (All control signals are level 

actuated.) 

CS: Chip Select — a ctive low, it will enable WR 
(DAC1003- 1008) or \NR, (DAC1000- 1002). 

WR or WR.,: Write — The active low WR (or WR 1 — 
D AC 1000 -1002) is used to load the digital data bits (Dl) 
into the input latch . Th e data in the input latch is 
latched when WR (or WR^ is high. The 10-bit input latch 
is split into two latches; one ho lds 8 bits and the other 
holds 2 bits. The Byte1/Byte2 control pin is used to 
select both input latches when Byte1/Byte2 = 1 or to 
overwrite the 2-bit input latch when in the low state. 

WR 2 : Extra Write (DAC1 000 -1002) — The active low 
WR 2 is used to load the d ata from the input latch to the 
DAC register while XFER is low. The data in the DAC 
register is latched when WR 2 is high. 

Byte1/Byte2: Byte Sequence Control — When this 
control is high, all ten locations of the input latch are 
enabled. When low, only two locations of the input latch 
are enabled and these two locations are overwritten on 
the second byte write. 

XFER: Transfer Control Signal, active low — This signal, 
in combination with others, is used to transfer the 10-bit 
data which is available in the input latch to the DAC 
register — see timing diagrams. 

LJ/RJ: Left_ Justify/Right Justify (DAC 1000- 1002) — 
When LJ/RJ is high the part is set up for left justified 
(fractional) data format. (DAC1006- 1008 have this done 
internally.) When LJ/RJ is low, the part is set up for right 
justified (integer) data. (DAC1003-1005 have this done 
internally.) 

1.2 Other Pin Functions 

Dl, (i = 0 to 9): Digital Inputs — Dl 0 is the least 
significant bit (LSB) and Dig is the most significant bit 
(MSB). 

•ouTr DAC Current Output 1 — l 0UTl is a maximum for a 
digital input code of all Is and is zero for a digital input 
code of all 0s. 

I 0 ut 2 : DAC Current Output 2 — I 0 ut 2 is a constant 
minus l 0UTl , or 

, , 1023 V REF 

'OUTl + OUT2 - 1j(j24 R 

where R = 15 KQ. 


R fb : Feedback Resistor — This is provided on the 1C 
chip for use as the shunt feedback resistor when an 
external op amp is used to provide an output voltage for 
the DAC. This on-chip resistor should always be used 
(not an external resistor) because it matches the 
resistors used in the on-chip R-2R ladder and tracks 
these resistors over temperature. 

V REF : Reference Voltage Input — This is the connection 
for the external precision voltage source which drives 
the R-2R ladder. V REF can range from -10 to +10 volts. 
This is also the analog voltage input for a 4-quadrant 
multiplying DAC application. 

V cc : Digital Supply Voltage — This is the power supply 
pin for the part. V cc can be from +5 to +15V DC . 
Operation is optimum for +15V. The input threshold 
voltages are nearly independent of V cc . (See Typical 
Performance Characteristics and Description in 
Section 3.0, T 2 L compatible logic inputs.) 

GND: Ground — the ground pin for the part. 

1.3 Definition of Terms 

Resolution: Resolution is directly related to the number 
of switches or bits within the DAC, For example, the 
DAC1000 has 2 10 or 1024 steps and therefore has 10-bit 
resolution. 

Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of 
the DAC transfer characteristic. It is measured after 
adjusting for zero and full-scale. Linearity error is a 
parameter intrinsic to the device and cannot be 
externally adjusted. 

National’s linearity test (a) and the “best straight line” 
test (c) used by other suppliers are illustrated below. 
The “best straight line” (b) requires a special zero and 
FS adjustment for each part, which is almost 
impossible for the user to determine. The “end point 
test” uses a standard zero and FS adjustment 
procedure and is a much more stringent test for DAC 
linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the 
DAC full-scale output (which is the worst case). 





a. End Point Test After Zero and FS Adj. 


b. Best Straight Line 


c. Shifting FS Adj. to Pass Best Straight 
Line Test 
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Settling Time: Settling time is the time required from a 
code transition until the DAC output reaches within 
±Vz LSB of the final output value. Full-scale settling 
time requires a zero to full-scale or full-scale to zero 
output change. 

Full-Scale Error: Full scale error is a measure of the 
output error between an ideal DAC and the actual 
device output. Ideally, for the DAC1000 series, full-scale 
is V REF - 1 LSB. For V REF =-10V and unipolar 
operation, V F uu_-scale = "10-0000 V ~ 9.8 mV = 9.9902 V. 
Full-scale error is adjustable to zero. 


2.0 Double Buffering 

These DACs are double-buffered, microprocessor com- 
patible versions of the DAC1020 10-bit multiplying DAC. 
The addition of the buffers for the digital input data not 
only allows for storage of this data, but also provides a 
way to assemble the 10-bit input data word from two 
write cycles when using an 8-bit data bus. Thus, the 
next data update for the DAC output can be made with 
the complete new set of 10-bit data. Further, the double 
buffering allows many DACs in a system to store 
current data and also the next data. The updating of the 
new data for each DAC is also not time critical. When all 
DACs are updated, a common strobe signal can then be 
used to cause all DACs to switch to their new analog 
output levels. 


3.0 T 2 L Compatible Logic Inputs 

To guarantee T 2 L voltage compatibility of the logic 
inputs, a novel bipolar (NPN) regulator circuit is used. 
This makes the input logic thresholds equal to the 
forward drop of two diodes (and also matches the 
temperature variation) as occurs naturally in T 2 L. The 
basic circuit is shown in Figure 1. A curve of digital 
input threshold as a function of power supply voltage is 
shown in the Typical Performance Characteristics 
section. 


4.0 Application Hints 

The DC stability of the V REF source is the most 
important factor to maintain accuracy of the DAC over 
time and temperature changes. A good single point 
ground for the analog signals is next in importance. 

These MICRO-DAC™ converters are CMOS products 
and reasonable care should be exercised in handling 
them prior to final mounting on a PC board. The digital 
inputs are protected, but permanent damage may occur 
if the part is subjected to high electrostatic fields. Store 
unused parts in conductive foam or anti-static rails. 

4.1 Power Supply Sequencing & Decoupling 

Some 1C amplifiers draw excessive current from the 
Analog inputs to V- when the supplies are first turned 
on. To prevent damage to the DAC — an external 
Schottky diode connected from l 0UT1 or l 0UT2 to ground 
may be required to prevent destructive currents in l 0UT1 
or Iout 2 - If an LM741 or LF356 is used — these diodes 
are not required. 

The standard power supply decoupling capacitors 
which are used for the op amp are adequate for the 
DAC. 

4.2 Op Amp Bias Current & Input Leads 

The op amp bias current (l B ) CAN CAUSE DC ERRORS. 
BI-FET™ op amps have very low bias current, and 
therefore the error introduced is negligible. BI-FET™ op 
amps are strongly recommended for these DACs. 

The distance from the I 0 ut-i pin of the DAC to the 
inverting input of the op amp should be kept as short as 
possible to prevent inadvertent noise pickup. 

5.0 Analog Applications 

The analog section of these DACs uses an R-2R ladder 
which can be operated both in the current switching 
mode and in the voltage switching mode. 

The major product changes (compared with the 
DAC1020) have been made in the digital functioning of 


+ vcc 



Figure 1. Basic Logic Threshold Loop 
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the DAC. The analog functioning is reviewed here for 
completeness. For additional analog applications, such 
as multipliers, attenuators, digitally controlled ampli- 
fiers and low frequency sine wave oscillators, refer to 
the DAC1020 data sheet. Some basic circuit ideas are 
presented in this section in addition to complete 
applications circuits. 

5.1 Operation in Current Switching Mode 

The analog circuitry, Figure 2, consists of a silicon- 
chromium (Si-Cr) thin film R-2R ladder which is 
deposited on the surface oxide of the monolithic chip. 
As a result, there is no parasitic diode connected to the 
V REF pin as would exist if diffused resistors were used. 
The reference voltage input (V REF ) can therefore range 
from -10V to + 10V. 

The digital input code to the DAC simply controls the 
position of the SPDT current switches, SWO to SW9. A 
logical 1 digital input causes the current switch to steer 
the available ladder current to the I 0 uti output pin. 
These MOS switches operate in the current mode with a 
small voltage drop across them and can therefore 
switch currents of either polarity. This is the basis for 
the 4-quadrant multiplying feature of this DAC. 


5.1.1 Providing a Unipolar Output Voltage with the 
DAC in the Current Switching Mode 

A voltage output is provided by making use of an 
external op amp as a current-to-voltage converter. The 
idea is to use the internal feedback resistor, R FB , from 
the output of, the op amp to the inverting (-) input. Now, 
when current is entered at this inverting input, the 
feedback action of the op amp keeps that input at 
ground potential. This causes the applied input current 
to be diverted to the feedback resistor. The output 
voltage of the op amp is forced to a voltage given by: 

v out = -Oouti * Rfb) 

Notice that the sign of the output voltage depends on 
the direction of current flow through the feedback 
resistor. 

In current switching mode applications, both current 
output pins (I 0 uti and i out 2 ) should be operated at 
0V DC . This is accomplished as shown in Figure 3. The 
capacitor, C c , is used to compensate for the output 
capacitance of the DAC and the input capacitance of 
the op amp. The required feedback resistor, R FB , is 
available on the chip (one end is internally tied to Iquti) 


DIGITAL INPUT CODE 


(MSB) 0,9 018 Dl7 • • • • • Dll Dio | LSB ) 



Figure 2. Current Mode Switching 


+Vref 1 


(INTERNAL) RpB »0UT 1 



VOUT = — (lOUTl XRfB) 


mm* 

CC PF 

Ri 

ts M s 

lim« 

22 

oo 

3 

1 LF351 

24 

00 

4 

1 LF357 

10 

2.4 k 

1.5 


Figure 3. Converting l 0U j to V 0 g T 
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and must be used since an external resistor will not 
provide the needed matching and temperature tracking. 
This circuit can therefore be simplified as shown in 
Figure 4, where the sign of the reference voltage has 
been changed to provide a positive output voltage. Note 
that the output current, l 0UTl , now flows through the 
R fb pin. 

5.1.2 Providing a Bipolar Output Voltage with the 
DAC in the Current Switching Mode 

A bipolar output voltage (±V 0 ut) is produced by the 
output op amp when a bipolar input current is provided. 
This is accomplished by making use of the second 
output current, I 0 ut 2 - is a characteristic of the R-2R 
ladder that the sum of both currents will remain 
constant (for a fixed reference voltage input). This I 0 ut 2 
output current is used to supply the -V 0UT range as 
shown in Figure 5. 

The main idea is that an additional op amp (OA2) causes 
l 0UT2 to be entered at the summing junction [the (-) 
input] of the first op amp. This current direction causes 
a negative output voltage. The current, l 0UTl , extracted 
from this same summing junction Pauses a positive 
output voltage. 

When operating in the bipolar mode, if a negative V REF 
is used the digital input to the DAC should be offset, 
binary code [all zeros =-V REF and all ones = 
+ V REF (51 1/512)]. A 2’s complement code can be 
changed to offset binary by complementing the MSB 
(with hardware or software). If a positive reference is 
used the digital input code should be complementary 
offset binary [all zeros = +V REF and all ones = 
-V ref (51 1/512)]. 

To provide a 0V DC output voltage in bipolar operation 
requires that an external resistor be added to raise the 


magnitude of I 0 ut 2 - The zero c °de is half scale for the 
DAC and at half scale: 

, V REF /5i2\ 

0UTl R VI 024/ 

and 

i V REF / 511 \ 

0UT2 “ R \1024/ 

To make these currents equal (to provide a 0V DC output 
voltage) requires an external resistor, R ext , connected 
from the V REF terminal to the l 0UT2 pin, which will add 1 
bit weight of current or: 

_ v ref_ v ref/ 1 \ 

EXT ~Rext~ R VI 024/ 

or 

R EX j = R x 1024 

where R = 15k (of the R-2R ladder) 
so R EX y = 15MS2 

A low temperature coefficient resistor should be used 
to improve temperature stability as compared to the 
performance using a 5% composition resistor. This 
resistor also skews the output voltage swing from 
— V REF to (51 1/512) V REF for a negative V REF or 
— (51 1/51 2) V REF to + V REF for a positive V REF . If R EX y is 
not used, the output voltage will range from 
- (1023/1 024) V REF to + (1023/1 024) V REF (for either 
polarity- of V REF ) and will be symmetrical about (but 
never equal to) 0V. 



RfB (INTERNAL) 



Figure 5. Providing a Bipolar Output Voltage with the DAC in the Current Switching Mode 
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5.2 Analog Operation in the Voltage Switching 
Mode 

Some useful application circuits result if the R-2R 
ladder is operated in the voltage switching mode. There 
are two very important things to remember when using 
the DAC in the voltage mode. The reference voltage (+ V) 
must always be positive since there are parasitic diodes 
to ground on the l 0UTl pin which would turn on if the 
reference voltage went negative. To maintain a 
degradation of linearity less than ±0.005%, keep +V < 
3 V dc and v cc at least 10V more positive than +V. 
Figures 6 and 7 show these errors for the voltage 
switching mode. This operation appears unusual, since 
a reference voltage (+V) is applied to the I 0 uti P in and 
the voltage output is the V REF pin. This basic idea is 
shown in Figure 8. 

This V 0UT range can be scaled by use of a non-inverting 
gain stage as shown in Figure 9. 


Notice that this is unipolar operation since all voltages 
are positive. A bipolar output voltage can be obtained 
by using a single op amp as shown in Figure 10. For a 
digital input code of all zeros, the output voltage from 
the V REF pin is zero volts. The external op amp now has 
a single input of +V and is operating with a gain of -1 
to this input. The output of the op amp therefore will be 
at -V for a digital input of all zeros. As the digital code 
increases, the output voltage at the V REF pin increases. 

Notice that the gain of the op amp to voltages which are 
applied to the ( + ) input is + 2 and the gain to voltages 
which are applied to the input resistor, R, is -1. The 
output voltage of the op amp depends on both of these 
inputs and is given by: 

Vqut = (+V)(-1) + V REF (+2) 

The output voltage swing can be expanded by adding 2 
resistors to Figure 10 as shown in Figure 11. These 


2? 



0 1 2 3 4 5 6 7 8 

REFERENCE VOLTAGE. +V (Vdc) 

Figure 6. 



SUPPLY VOLTAGE. Vcc (VDC) 
Figure 7. 


DIGITAL INPUT CODE 




Figure 9. Amplifying the Voltage Mode Output 
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\ 

Figure 10. Providing a Bipolar Output Voltage with a Single Op Amp 


+v 



Figure 11. Increasing the Output Voltage Swing 


added resistors are used to attenuate the +V voltage. 
The overall gain, A v (-), from the +V terminal to the 
output of the op amp determines the most negative 
output voltage, -4(+ V) (when the V REF voltage at the + 
input of the op amp is zero) with the component values 
shown. The complete dynamic range of V 0UT is provided 
by the gain from the ( + ) input of the op amp. As the 
voltage at the V REF pin ranges from 0V to 
+V (1023/ 1024) the output of the op amp will range from 
-10V DC to + 10V (1023/1024) when using a +V voltage 
of +2.500V dc . The 2.5V DC reference voltage can be 
easily developed by using the LM336 zener which can be 
biased through the ft FB internal resistor, connected to 
v cc- 

5.3 Op Amp V 0 s Adjust (Zero Adjust) for Current 
Switching Mode 

Proper operation of the ladder requires that all of the 2R 
legs always go to exactly 0V DC (ground). Therefore 
offset voltage, V os , of the external op amp cannot be 
tolerated as every millivolt of V os will introduce 0.01% 
of added linearity error. At first this seems unusually 
sensitive, until it becomes clear the 1 mV is 0.01 % of the 
10V reference! High resolution converters of high 
accuracy require attention to every detail in an 
application to achieve the available performance which 
is inherent in the part. To prevent this source of error, 
the V 0 s of the op amp has to be initially zeroed. This is 
the “zero adjust” of the DAC calibration sequence and 
should be done first. 


If the V os is to be adjusted there are a few points to 
consider. Note that no “dc balancing” resistance 
should be used in the grounded positive input lead of 
the op amp. This resistance and.the input current of the 
op amp can also create errors. The low input biasing 
current of the BI-FET™ op amps makes them ideal for 
use in DAC current to voltage applications. The V os of 
the op amp should be adjusted with a digital input of all 
zeros to force l OUT = 0mA. A 1KQ resistor can be 
temporarily connected from the inverting input to 
ground to provide a dc gain of approximately 15 to the 
V 0 s of the op amp and make the zeroing easier to sense. 


5.4 Full-Scale Adjust 

The full-scale adjust procedure depends on the 
application circuit and whether the DAC is operated in 
the current switching mode or in the voltage switching 
mode. Techniques are given below for all of the possible 
application circuits. 

5.4.1 Current Switching with Unipolar Output Voltage 

After doing a “zero adjust,” set all of the digital input 
levels HIGH and adjust the magnitude of V REF for 

1023 

V 0UT = -(ideal V REF ) — 

This completes the DAC calibration. 
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5.4.2 Current Switching with Bipolar Output Voltage 

The circuit of Figure 12 shows the 4 adjustments which 
are needed. The first step is to set all of the digital 
inputs HIGH (to force l OUT2 = 0) and then trim “ zero ad i- 
2” for an output voltage at V 02 (of OA2) of zero ± 1 mV. 
Then reset all of the bits to a LOW state. Now trim “zero 
adj. 1” for an output voltage at V 0UT (of OA1) of 
zero ± 1 mV. 

The details of the FS trim depend upon the polarity of 
the V REF input voltage. For a negative reference voltage 
an offset binary decoding results. Set the digital inputs 
all HIGH Oouti = max) and trim “+FS Adj.” for a 
V 0UT = + 1 (ideal V REF )| (511/512). Then set all the digital 
inputs LOW and trim “-FS Adj.” for a V 0UT = - ((ideal 
V REF )|. For a positive reference voltage a 
complementary offset binary decoding results. To 
adjust, set all digital inputs high and adjust FS Adj.” 
for an output voltage of -V REF (51 1/512). Then set all the 
digital inputs LOW and adjust “+ FS Adj.” for an output 
voltage of + (ideal V REF ). 


5.4.3 Voltage Switching with a Unipolar Output 
Voltage 

Refer to the circuit of Figure 13 and set all digital inputs 
LOW. Trim the “zero adj.” for V 0UT = 0V DC ± 1 mV. Then 
set all digital inputs HIGH and trim the “FS Adj.” for: 


ft-A 1023 
Ro/ 1024 


5.4.4 Voltage Switching with a Bipolar Output Voltage 

Refer to Figure 14 and set all digital inputs LOW. Trim 
the FS Adj.” for V 0UT = -2.5V DC . Then set all digital 
inputs HIGH and trim the “+FS Adj.” for 
V 0 ut= +2.5 (51 1/51 2) V DC . Test the zero by setting the 
MS digital input HIGH and all the rest LOW. Adjust V os 
of amp #3, if necessary, and recheck the full-scale 
values. 





VREF< V0UT< +VREF (|^) 


Figure 12. Full Scale Adjust — Current Switching with Bipolar Output Voltage 


— ^li-O+V 

y (4-2.500 VqC) 

“I Q Ut 2 ” (LM336) 


R2 Ri 




OVDC < VQUT< 2.5VDC (l +&)(}{ 


Figure 13. Full Scale Adjust — Unipolar Output Voltage 
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R* MATCH TO 0.01% 



-2.5 V < VQUT< 2.5(|^) V 


Figure 14. Voltage Switching with a Bipolar Output Voltage 


6.0 Digital Control Description 

The DAC1000 series of products can be used in a wide 
variety of operating modes. Most of the options are 
shown in Table I. Also shown in this table are the 
section numbers of this data sheet where each of the 
operating modes is discussed. For example, if your 
main interest is interfacing to a with an 8-bit data bus 
you will be directed to Section 6.1.0. 

The first consideration is “will the DAC be interfaced to 
a \iP with an 8-bit or a 16-bit data bus or used in the 
stand-alone mode?” For the 8-bit data bus, a second 
selection is made on how the 2nd digital data buffer (the 
DAC Latch) is updated by a transfer from the 1st digital 
data buffer (the Input Latch). Three options are 
provided: 1) an automatic transfer when the 2nd data 
byte is written to the DAC, 2) a transfer which is under 
the control of the pP and can include more than one 
DAC in a simultaneous transfer, or 3) a transfer which is 
under the control of external logic. Further, the data 
format can be either left justified or right justified. 

When interfacing to a ^P with a 16-bit data bus only two 
selections are available: 1) operating the DAC with a 
single digital data buffer (the transfer of one DAC does 
not have to be synchronized with any other DACs in the 
system), or 2) operating with a double digital data buffer 


for simultaneous transfer, or updating, of more than one 
DAC. 

For operating without a ^P in the stand alone mode, 
three options are provided: 1) using only a single digital 
data buffer, 2) using both digital data buffers — “double 
buffered,” or 3) allowing the input digital data to “flow 
through” to provide the analog output without the use 
of any data latches. 

To reduce the required reading, only the applicable 
sections of 6.1 through 6.4 need be considered. 

6.1 Interfacing to an 8-Bit Data Bus 

Transferring 10 bits of data over an 8-bit bus requires 
two write cycles and provides four possible combina- 
tions which depend upon two basic data format and 
protocol decisions: 

1. Is the data to be left justified (considered as frac- 
tional binary data with the binary point to the left) or 
right justified (considered as binary weighted data 
with the binary point to the right)? 

2. Which byte will be transferred first, the most signifi- 
cant byte (MS byte) or the least significant byte (LS 
byte)? 


Automatic Transfer 


Control Transfer 


External Transfer 


Operating Mode 

8-Bit Data Bus (6.1.0) 
Right Justified (6.1.2) 
Left Justified (6.1.3) 

16-Bit Data Bus (6.3.0) 

Stand Alone (6.4.0) 


Section 

Figure No. 
(24-Pin) (20-Pin) 

Section 

Figure No. 
(24-Pin) (20-Pin) 

Section 

Figure No. 
(24-Pin) (20-Pin) 

6.2.1 

6.2.1 

1 

16 18 

17 19 

6.2.2 

6.2.2 

16 18 

17 19 

6.2.3 

6.2.3 

16 18 

17 19 

Single Buffered 

Double Buffered 

Flow Through 

6.3.1 

20 21 

6.3.2 

20 21 

Not Applicable 

Single Buffered 

Double Buffered 

Flow Through 

6.4.1 

1 20 21 

1 6.4.2 

| 20 21 

1 6.4.3 

20 NA 




These data possibilities are shown in Figure 15. Note 
that the justification of data depends on how the 10-bit 
data word is located within the 16-bit data source (CPU) 
register. In either case, there is a surplus of 6 bits and 
these are shown as “don’t care” terms (“X”) in this 
figure. 

All of these DACs load 10 bits on the 1st write cycle. A 
particular set of 2 bits is then overwritten on the 2nd 
write cycle, depending on the justification of the data. 
This requires the 1st write cycle to contain the LS or L0 
Byte data group for all right justified data options. For 
all left justified data options, the 1st write cycle must 
contain the MS or Hi Byte data group. 


6.1.1 Providing for Optional Data Format 

The DAC1000/1/2 (24-pin parts) can be used for either 
data formatting by tying the LJ/RJ pin either high or 
low, respectively. A simplified logic diagram which 
shows the external connections to the data bus and the 
internal functions of both of the data buffer registers 
(Input Latch and DAC Register) is shown in Figure 16 for 
the right justified data operation. Figure 17 is for left 
justified data. 


6.1.2 For Right Justified Data 

For applications which require right justified data, 
DAC1003-1005 (20-pin parts) can be used. A simplified 
logic diagram which shows the external connections to 


the data bus and the internal functions of both of the 
data buffer registers (Input Latch and DAC Register) is 
shown in Figure 18. These parts require the LS or L0 
Byte data group to be transferred on the 1st write cycle. 

6.1.3 For Left Justified Data 

For applications which require left justified data, 
DAC1006- 1008 (20-pin parts) can be used. A simplified 
logic diagram which shows the external connections to 
the data bus and the internal functions of both of the 
data buffer registers (Input Latch and DAC Register) is 
shown in Figure 19. These parts require the MS or Hi 
Byte data group to be transferred on the 1st write cycle. 


6.2 Controlling Data Transfer for an 8-Bit Data 
Bus 

Three operating modes are possible for controlling the 
transfer of data from the Input Latch to the DAC 
Register, where it will update the analog output voltage. 
The simplest is the automatic transfer mode, which 
causes the data transfer to occur at the time of the 2nd 
write cycle. This is recommended when the exact timing 
of the changes of the DAC analog output are not 
critical. This typically happens where each DAC is 
operating individually in a system and the analog 
updating of one DAC is not required to be synchronized 
to any other DAC. For synchronized DAC updating, two 
options are provided: juP control via a common XFER 
strobe or external update timing control via an external 
strobe. The details of these options are now shown. 



Figure 15. Fitting a 10-Bit Data Word into 16 Available Bit Locations 


DAC 1 000 /1001/1002 (24 PIN PARTS) 



Figure 16. Input Connections and Controls for DAC1000-1002 Right Justified Data Option 
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DAC1000 thru DAC1008 




DAC1000 thru DAC1008 
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6.2.1 Automatic Transfer 


This makes use of a double byte (double precision) write. The first byte (8 bits) is strobed into the input latch and the 
second byte causes a simultaneous strobe of the two remaining bits into the input latch and also the transfer of the 
complete 10-bit word from the input latch to the DAC register. This is shown in the following timing diagrams; the point 
in time where the analog output is updated is also indicated on these diagrams. 


DAC1 000/ 1 001 / 1 002 (24-Pin) DAC1003-1008 (20-Pin) 



•SIGNIFIES CONTROL INPUTS WHICH ARE DRIVEN IN PARALLEL 


6.2.2 Transfer Using Write Strobe 

The input latch is loaded with the first two write strobes. The XFER signal is provided by external logic, as shown below, 
to cause the transfer to be accomplished on a third write strobe. This is shown in the following diagrams: 


0 AC1 000/ 1001/1 002 (24-Pin) DAC1003- 1008 (20-Pin) 



WHERE THE XFER CONTROL CAN BE GENERATED BY USING A SECOND CHIP SELECT AS: 



AND THE BYTE CONTROL CAN BE DERIVED FROM THE ADDRESS BUS SIGNALS. 


6.2.3 Transfer Using an External Strobe 

This is similar to the previous operation except the XFER signal is not provided by the p<P. The timing diagram for this is: 


DAC1000/1001/1002 (24-Pin) DAC1003- 1008 (20-Pin) 
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DAC1000 thru DAC1008 



DAC1000 thru DAC1008 


6.3 Interfacing to a 16-Bit Data Bus 

The interface to a 16-bit data bus is easily handled by connecting to 10 of the available bus lines. This allows a wiring 
selected right justified or left justified data format. This is shown in the connection diagrams of Figures 20 and 21, where 
the use of DB6 to DB15 gives left justifie d data operation and DBO to DB9 provides for right justified data. Note that any 
part number can be used and the Byte1/Byte2 control should be wired Hi. 


DAC1000/1001/1002 (24-PIN PARTS) 



Figure 20. input Connections and Logic for DAC1000-1002 with 16-Bit Data Bus 


DAC1003-1006 (20-PIN PARTS) 


RIGHT LEFT I 
JUSTIFIED JUSTIFIED | 



Figure 21. Input Connections and Logic for DAC1003-1008 with 16-Bit Data Bus 
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Three operating modes are possible: flow through, single buffered, or double buffered. The timing diagrams for these are 
shown below: 

6.3.1 Single Buffered 

DAC1000/1001/1002 (24-Pin) DAC1003- 1008 (20-Pin) 



cs 


\ 


K 


XFER AND LATCH 
DAC REGISTER 


WR1 & WR2 
Byte 1/Byte 2 = 1 
XFER = 0 


f \ LATCHES OATA IN 
N DAC REGISTER 


WR 

XFER = 0 


ANALOG 

OUTPUT 

UPDATED 


W 


V INPUT DATA IS 

^ X LATCHED 


LOAD INPUT LATCH 


6.3.2 Double Buffered 

DAC1000/1001/1002 (24-Pin) 



Byte 1/Byte 2 ^ 


XFER OR WR2 
WR2 OR XFER = 0 


ANALOG 

OUTPUT. 

UPDATE 


1 


t 

XFER 


A"*'. DAC REGISTER 
r IS LATCHED 


DAC1 003 -1008 (20-Pin) 


os \ / 

INPUT DATA IS LATCH 

■ 'vJ~ 


6.4 Stand Alone Operation 

For applications for a DAC which are not under control (stand alone) there are two basic operating modes, single 
buffered and double buffered. The timing diagrams for these are shown below: 


6.4.1 Single Buffered 

DAC1000/1001/1002 (24-Pin) 

LOAD INPUT LATCH 
AND XFER 

WR1 4 WR2 ANALOG \ / />. DAC REGISTER IS LATCHED 

OUTPUT \ (INPUT DATA MUST REMAIN VALID 

UPDATED UNTIL THIS TIME) 


CS =XFER = 0 
Byte 1/Byte~2 = 1 


DAC1 003 -1008 (20-Pin)* 


XFER TO DAC REGISTER 


bh.i/sw.s \ #D|NpuT 


ANALOG/ 

nl 


\Z_J- 


\ 


LATCHES DATA IN DAC REGISTER 
(INPUT DATA MUST REMAIN VALID 
UNTIL THIS TIME) 


CS = WR = XFER = 0 


6.4.2 Double Buffered 


D AC1 000/ 1001/1 002 (24-Pin) 


A F 


DAC1 003 -1008 (20-Pin)* 

LOAD INPUT LATCH 


- LATCH INPUT LATCH 

\ 

LOAD INPUT LATCH 


/LjC 


-LATCH INPUT LATCH 



Byte 1/Byte 2 

CS = XFER = 0 


ANALOG 

OUTPUT 

UPDATED' 


V 


• LATCH DAC 
REGISTER 


*For a connection diagram of this operating mode use Figure 18 for the Logic and Figure 21 for the Data Input connections 
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DAC1000 thru DAC1008 




DAC1000 thru DAC1008 


6.4.3 Flow Through 

This operating mode causes the 10-bit input word to directly create the DAC output without any latching involved. 


DAC1000/1001/1002 (24-Pin) 


WR1 = WR2 = CS = XFER = 0 
Byte 1/Byte 2 = 1 


7.0 Microprocessor Interface 

The logic functions of the DAC1000 family have been 
oriented towards an ease of interface with all popular 
mPs. The following sections discuss in detail a few 
useful interface schemes. 


7.1 DAC1 000/1/2 to INS8080A Interface 

Figure 22 illustrates the simplicity of interfacing the 
DAC1000 to an INS8080A based microprocessor 


system. The circuit will perform an automatic transfer 
of the 10 bits of output data from the CPU to the DAC 
register as outlined in Section 6.2.1, “Controllihg Data 
Transfer for an 8-Bit Data Bus.” 

Since a double byte write is necessary to control the 
DAC with the INS8080A, a possible instruction to 
achieve this is a PUSH of a register pair onto a “stack” 
in memory. The 16-bit register pair word will contain the 
10 bits of the eventual DAC input data in the proper 



NOTE: DOUBLE BYTE STORES CAN BE USED, 
e.g. THE INSTRUCTION SHLD F«*t>1 STORES THE L 
REG INTO B1 AND THE H REG INTO B2 AND 
TRANSFERS THE RESULT TO THE DAC REGISTER. 
THE OPERAND OF THE SHLD INSTRUCTION MUST 
BE AN ODD ADDRESS FOR PROPER TRANSFER. 


Figure 22. Interfacing the DAC1000 to the INS8080A CPU Group 
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sequence to conform to both the requirements of the 
DAC (with regard to right or left justified data) and the 
implementation of the PUSH instruction which will 
output the higher order byte of the register pair (i.e., 
register B of the BC pair) first. The DAC will actually 
appear as a two-byte “stack” in memory to the CPU. The 
auto-decrementing of the stack pointer during a PUSH 
allows using addr ess b it 0 of the stack pointer as the 
Byte1/Byte2 and XFER strobes if bit 0 of the stack 
pointer address-1, (SP- 1), is a “1” as presented to the 
DAC. Additional address decoding by the DM8131 will 
generate a unique DAC chip select (CS) and synchronize 
this CS to the two memory write strobes of the PUSH 
instruction. 

To reset the stack pointer so new data may be output to 
the same DAC, a POP instruction followed by instruc- 
tions to insure that proper data is in the DAC data 
register pair before it is “PUSHED” to the DAC should 
be executed, as the POP instruction will arbitrarily alter 
the contents of a register pair. 

Another double byte write instruction is Store H and L 
Direct (SHLD), where the HL register pair would 
temporarily contain the DAC data and the two 
sequential addresses for the DAC are specified by the 
instruction op code. The auto incrementing of the DAC 
address by the SHLD instruction permits the same 


simple scheme of using address bit 0 ta generate the 
byte number and transfer strobes. 

7.2 DAC 1000 to M6800 Direct Interface 

As in the INS8080A case, it is very simple to directly 
interface the DAC1000 to an M6800 system. Figure 23 
illustrates such an interface assuming a right justified 
data structure. Except for address decoding, no 
external logic is necessary. The DAC1000 appears as 
two memory locations in the 6800 memory space. By 
using just an 8-input NAND gate and two inverters we 
have (arbitrarily) chosen these HEX addresses to be 
5 COO and 5C01. Note, however, that any HEX address 
of the form 5CXX will also be decoded. This can easily 
be avoided by designing a more definitive address 
decoding scheme. Control lines 02 and VMA are 
included to insure stability of address and data lines 
before the DAC inputs are enabled. 

In a normal operating mode the MPU would “store” two 
8-bit bytes of right justified data into the DAC input 
latches: LOW byte first at location 5C01 and HIGH byte 
next at location 5 COO. Upon storing the second byte, 
the 10-bit word is automatically transferred to the DAC 
register, therefore obtaining the desired analog output. 
This output will be maintained until the next two bytes 
of data are loaded into the DAC under MPU control. 



NOTE: TWO SINGLE BYTE STORES (e.g. STA A, 
STA B) MUST BE USED SINCE A DOUBLE BYTE 
STORE (e.g. STX) WOULD TRANSFER AN 
INCOMPLETE WORD. 


Figure 23. DAC1000 to MC6800 MPU Interface 
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AC1000 thru DAC1008 




DAC1000 thru DAC1008 


7.3 DAC1000 to MC6820/1 PIA Interface 

In Figure 24 the DAC1000 is interfaced to an M6800 
system through an MC6820/1 Peripheral Interface 
Adapter (PIA). In this case the CS pin of the DAC is 
grounded since the PIA is already mapped in the 6800 
system memory space and no decoding is necessary. 
Furthermore, by using both Ports A and B of the PIA the 
10-bit data transfer, assumed right justified again in two 
8-bit bytes, is greatly simplified. The HIGH byte is 
loaded into Output Register A (ORA) o.f the PIA, and the 
LOW byte is loaded into ORB. The 10-bit data transfer to 
the DAC and the corresponding analog output change 
occur simultaneously upon CB2 going LOW under 
program control. The 10-bit data word in the DAC 


register will be latched (and hence V 0UT will be fixed) 
when CB2 is brought back HIGH. 

If both output ports of the PIA are not available, it is 
possible to interface the DAC1000 through a single port 
without much effort. However, additional logic at the 
CB2 (or CA2) lines or access to some of the 6800 system 
control lines will be required. 

7.4 Digitally Controlled Amplifier/Attenuator 

An unusual application of the DAC, Figure 25, applies 
the input voltage via the on-chip feedback resistor. The 
lower op amp automatically adjusts the V REF )N voltage 
such that l 0UT1 is equal to the input current (V )N /Rf B ). 



Figure 24. DAC1000 to MC6820/1 PIA Interface 



Figure 25. Digitally Controlled Amplifier/Attenuator 
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The magnitude of this V REF !N voltage depends on the 
digital word which is in the DAC register. I 0UT2 then 
depends upon both the magnitude of V )N and the digital 
word. The second op amp converts l 0UT2 to a voltage, 
V 0 ut> which is given by 



where 0< N < 1023. 


Note that N=0 (or a digital code of all zeros) is not 
allowed or this will cause the output amplifier to 
saturate at either ± V MAX , depending on the sign of V !N . 


To provide a digitally controlled divider, the output op 
amp can be eliminated. Ground the I 0 ut 2 P' n °f DAC 
and VoUT is now taken from the lower op amp (which 
also drives the V REF input of the DAC). The expression 
for V 0UT is now given by 


where M = Digital input (expressed as a fractional 
binary number). 0 < M <1. 




Ordering Information 

1. All Logic Features — 24-pin package. 

Temperature Range 

Accuracy -40°C to +85°C -55°C to +125°C 0°to +70°C 


0.05% (10-bit) 

DAC1000LCD 

DAC1000LD 

DAC 1000LCN 

0.10% (9-bit) 

DAC1001LCD 

DAC1001LD 

DAC1001LCN 

0.20% (8-bit) 

DAC1002LCD 

DAC1002LD 

DAC1002LCN 

Package Outline 

D24C 

D24C 

N24 

2. For Right Justified Data — 20-pin package. 

Temperature Range 


Accuracy 

-40°C to +85°C 

— 55°C to +125°C 

0°to +70°C 

0.05% (10-bit) 

•DAC1003LCD 

•DAC1003LD 

•DAC1003LCN 

0.10% (9-bit) 

•DAC1004LCD 

•DAC1004LD 

•DAC1004LCN 

0.20% (8-bit) 

•DAC1005LCD 

•DAC1005LD 

•DAC1005LCN 

Package Outline 

D20 

D20 

N20 

3. For Left Justified 

Data — 20-pin package. (See package outline D20.) 


Temperature Range 


Accuracy 

-40°C to +85°C 

-55°C to +125°C 

0°to +70°C 

0.05% (10-bit) 

DAC1006LCD 

DAC1006LD 

DAC1006LCN 

0.10% (9-bit) 

DAC1007LCD 

DAC1007LD 

DAC1007LCN 

0.20% (8-bit) 

DAC1008LCD 

DAC1008LD 

DAC1008LCN 

Package Outline 

D20 

D20 

N20 

•Available on special order 
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DAC1020, DAC1220 


5 


National 
Semiconductor 
DAC1020 10-Bit Binary Multiplying 
DAC1220 12-Bit Binary Multiplying 


A to D, D to A 

D/A Converter 
D/A Converter 


General Description 

The DAC1020 and the DAC1220 are, respectively, 
10 and 12-bit binary multiplying digital-to-analog con- 
verters. A deposited thin film R-2R resistor ladder divides 
the reference current and provides the circuit with ex- 
cellent temperature tracking characteristics {0.0002%/ 
°C linearity error temperature coefficient maximum). 
The circuit uses CMOS current switches and drive 
circuitry to achieve low power consumption (30 mW 
max) and low output leakages (200 nA max). The 
digital inputs are compatible with DTL/TTL logic levels 
as well as full CMOS logic level swings. This part, com- 
bined with an external amplifier and voltage reference, 
can be used as a standard D/A converter; however, it 
is also very attractive for multiplying applications (such 
as digitally controlled gain blocks) since its linearity 
error is essentially independent of the voltage refer- 
ence. All inputs are protected from damage due to 
static discharge by diode clamps to V + and ground. 

This part is available with 10-bit (0.05%), 9-bit (0.10%), 
and 8-bit (0.20%) non-linearity guarenteed over tem- 
perature (note 1 of electrical characteristics). The 


DAC1020, DAC1021 and DAC1022 are direct replace- 
ments for the 10-bit resolution AD7520 and AD7530 
and equivalent to the AD7533 family. The DAC1220, 
DAC1221 and DAC1222 are direct replacements for the 
12-bit resolution AD7521 and AD7531 family. 

Features 

■ Linearity specified with zero and full-scale adjust only 

■ Non-linearity guaranteed over temperature 

■ Integrated thin film on CMOS structure 

■ 10-bit or 1 2-bit resolution 

■ Low power dissipation 10 mW @ 15V typ 

■ Accepts variable or fixed reference -25V < Vref < 
+25V 

■ 4-quadrant multiplying capability 

■ Interfaces directly with DTL, TTL and CMOS 

■ Fast settling time— 500 ns typ 

■ Low feedthrough error— 1/2 LSB @100 kHz typ 



Ordering Information 


10-BIT D/A CONVERTERS 


TEMPERATURE RANGE 

0°C to 70° C 

-40°C to +85°C 

-55°C to +125° C 

ACCURACY 

0.05% 

DAC1020LCN 

AD7520LN 

AD7530LN 

DAC1020LCD 

AD7520LD 

AD7530LD 

DAC1020LD 

AD7520UD 

0.10% 

DAC1021 LCN 

AD7520KN 

AD7530KN 

DAC1021LCD 

AD7520KD 

AD7530KD 

DAC1021 LD 

AD7520TD 

0.20% 

DAC1022LCN 

AD7520JN 

AD7530JN 

DAC1022LCD 

AD7520JD 

AD7530JD 

DAC1022LD 

AD7520SD 

PACKAGE OUTLINE 

N16A 

D16C 

D16C 


12-BIT D/A CONVERTERS 


TEMPERATURE RANGE 

0°C to 70° C 

-40° C to +85° C 

-55°C to +125°C 

ACCURACY 

0.05% 

DAC1220LCN 

AD7521LN 

AD7531LN 

DAC1220LCD 

AD7521LD 

AD7531LD 

DAC1220LD 

AD7521UD 

0.10% 

DAC1221 LCN 

AD7521KN 

AD7531KN 

DAC1221 LCD 

AD7521KD 

AD7531KD 

DAC1221 LD 

AD7521TD 

0.20% 

DAC1222LCN 

AD7521JN 

AD7531JN 

DAC1222LCD 

AD7521JD 

AD7531JD 

DAC1222LD 

AD7521SD 

PACKAGE OUTLINE 

N18A 

018A 

D18A 


Note. Devices may be ordered by either part number. 
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Absolute Maximum Ratings 

V + to Gnd 17 V 

VREF tQ Gnd ±25V 

Digital Input Voltage Range V + to Gnd 

DC Voltage at Pin 1 or Pin 2 (Note 3) -100 mV to V + 

- Storage Temperature Range -65° C to +1 50° C 

Lead Temperature (Soldering, 10 seconds) 300° C 

Electrical Characteristics 

<V + = 15V, Vref = 10.000V, T/\ = 25°C unless otherwise specified) 

Operating Conditions 

MIN 

Temperature (T /\) 

DAC1020LD, DAC1021LD, -55 

DAC1022LD, DAC1220LD, -55 

DAC1 221 LD, DAC1 222LD -55 

DAC1 020LCD, DAC1 021 LCD, -40 
DAC1022LCD, DAC1220LCD, -40 
DAC1221LCD, DAC1222LCD -40 

DAC1020LCN, DAC1021LCN 0 

DAC1022LCN, DAC1220LCN 0 

DAC1221 LCN, DAC1222LCN 0 

MAX 

+125 

+125 

+125 

+85 

+85 

+85 

+70 

+70 

+70 

UNITS 

°C 

°c 

°c 

°c 

°c 

°c 

°c 

°c 

°c 

PARAMETER 

CONDITIONS 

DAC1020, DAC1021, 
DAC1022 

DAC1220, DAC1221, 
DAC1222 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Resolution 


10 



12 



Bits 

Linearity Error 

Tmin<t a <tmax. 









-iov< vref <+iov. 









(Note 1) End Point Adjustment Only 









(See Linearity Error in Definition of Terms) 








10-Bit Parts 

DAC1020, DAC1220 



0.05 



0.05 

% FSR 

9-Bit Parts 

DAC1021, DAC1221 



0.10 



0.10 

% FSR 

8-Bit Parts 

DAC1022, DAC1222 



0.20 



0.20 

% FSR 

Linearity Error Tempco 

-lov < vref <+iov. 



0.0002 



0.0002 

% FS/°C 


(Notes 1 and 2) 








Full-Scale Error 

-lov < Vref <+iov, 


0.3 

1.0 


0.3 

1.0 

% FS 


(Notes 1 and 2) 








Full-Scale Error Tempco 

tmin<t a <Tmax, 



0.001 



0.001 

% FS/°C 


(Note 2) 








Output Leakage Current 

tmin<Ta<tmax 








•OUT 1 

All Digital Inputs Low 



200 



200 

nA 

•OUT 2 

All Digital Inputs High 



,200 



200 

nA 

Power Supply Sensitivity 

All Digital Inputs High, 


0.005 

0.005 


0.005 

0.005 

% FS /V 


14V < V + < 16V, (Note 2), 









(Figure 2} 








VREF Input Resistance 


10 

15 

20 

10 

15 

20 

kft 

Full-Scale Current Settling 

RL = 100H from 0 to 99.95% 








Time 

FS 









All Digital Inputs Switched 


500 



500 


ns 


Simultaneously 








Vp£p Feedthrough 

All Digital Inputs Low, 



10 



10 

mVp-p 


Vref = 20 Vp-p @ 100 kHz 









D Package (Note 4) 


6 

9 


6 

9 

mVp-p 

' 

N Package 


2 

5 


2 

5 

mVp-p 

Output Capacitance 









•OUT 1 

All Digital Inputs Low 


40 



40 


- PF 


All Digital Inputs High 

j 

,200 



200 


pF 

•OUT 2 

All Digital Inputs Low 

! 

200 



200 


PF 


All Digital Inputs High 

i 

40 



40 


pF 

Digital Input 

(Figure 1) 








Low Threshold 

Tmin<t a <t M ax 



0.8 



0.8 

V 

High Threshold 

Tmin<t a <t M ax 

2.4 



2.4 



V 


8-115 




D AC1020 , D AC1 220 


Electrical Characteristics (Continued) 

(V + = 15V, Vrep = 10.000V, Ta = 25°C unless otherwise specified) 




DAC1020, DAC1021 

DAC 1220, DAC1221 


PARAMETER 

CONDITIONS 


DAC1022 

DAC 1222 

UNITS 



MAX 

MIN 

TYP 

MAX 

Digital Input Current 

Tmin<t a <t M ax 

Digital Input High 


1 

100 


1 

100 

pA 


Digital Input Low 


-50 

-200 


-50 

-200 

/iA 

Supply Current 

All Digital Inputs High 


0.2 

1.6 


0.2 

1.6 

mA 


All Digital Inputs Low 


0.6 

2 


0.6 

2 

mA 

Operating Power Supply 
Range 

(Figures 1 and 2) 

5 


15 

5 


15 

V 


Note 1: Vref = ±10V and Vref = ± 1V. A linearity error temperature coefficient of 0.0002% FS for a 45° C rise only guarantees 0.009% maxi- 
mum change in linearity error. For instance, if the linearity error at 25° C is 0.045% FS it could increase to 0.054% at 70° C and the DAC will be no 
longer a 10-bit part. Note, however, that the linearity error is specified over the device full temperature range which is a more stringent specifica- 
tion since it includes the linearity error temperature coefficient. 

Note 2: Using internal feedback resistor as shown in Figure 3. 

Note 3'- Both IquT 1 anc * *OUT 2 must 9° to ground or the virtual ground of an operational amplifier. If Vpgp = 10V, every millivolt offset 
between IquT i or *OUT 2' 0-005% linearity error will be introduced. 

Note 4: To achieve this low feedthrough in the D package, the user must ground the metal lid. 

Typical Performance Characteristics 



0 20 40 60 80 

T A - TEMPERATURE (°C) 

FIGURE 1. Digital Input Threshold vs 
Ambient Temperature 



5.0 10.0 15.0 

V + (VOLTS) 

FIGURE 2. Gain Error Variation vs V + 
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Typical Applications 

The following applications are also valid for 12-bit 
systems using the DAC1220 and 2 additional digital 
inputs. 

Operational Amplifier Bias Current (Figure 3) 

The op amp bias current, 1^, flows through the. 15k 
internal feedback resistor. BI-FET op amps have low 
1(3 and, therefore, the 15k x 1^ error they introduce is 
negligible; they are strongly recommended for the 
DAC1020 applications. 

Vos Considerations 

The output impedance, R()UT» of the DAC is modu- 
lated by the digital input code which causes a modulation 
of the operational amplifier output offset. It is therefore 
recommended to adjust the op amp Vos- R OUT ' s 
~15k if more than 4 digital inputs are high; RgUT 


is ~45k if a single digital input is high, and RquT 
approaches infinity if all inputs are low. 

Operational Amplifier Vos Adjust (Figure 3) 

Connect all digital inputs, A1— A10, to ground and 
adjust the potentiometer to bring the op amp VoUT 
pin to within ±1 mV from ground potential. If Vref is 
less than 10V, a finer Vos adjustment is required. It is 
helpful to increase the resolution of the Vos adjust 
procedure by connecting a 1 k!2 resistor between the 
inverting input of the op amp to ground. After Vqs has 
been adjusted, remove the 1 k!2. 

Full-Scale Adjust (Figure 4) 

Switch high all the digital inputs, A1— A10, and measure 
the op amp output voltage. Use a 50012 potentiometer, 
as shown; to bring 1 1 VoUTlI to a voltage equal to Vref x 
1023/1024. 


SELECTING AND COMPENSATING THE OPERATIONAL AMPLIFIER 


OP AMP FAMILY 

C F 

Rj 

p 

V w 

CIRCUIT SETTLING 
TIME, t s 

CIRCUIT SMALL 

SIGNAL BW 

LM357 

lOpF 

2.4k 

25k 

V + 

1.5 /is 

1 M 

LM356 

22 pF 

OO 

25k 

v + 

3 fis 

0.5M 

LF351 

24 pF 

CO 

10k 

V“ 

4 jus 

0.5M 

LM741 

0 

OO 

10k 

v~ 

40;us 

200 kHz 


MSB LSB 

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 



~iov < v REF < iov 

1023 w 

°< v OUT< - lo2? VREF 

where A|\j = 1 if the A|\j digital input is high 
A^j = 0 if the A|\j digital input is low 

FIGURE 3. Basic Connection: Unipolar or 2-Quadrant Multiplying 
Configuration (Digital Attenuator) 
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DAC1020, DAC1220 


Typical Applications (Continued) 


MSB LSB 



VOUT 


FIGURE 4: Full-Scale Adjust 


MSB LSB 

A1 A2 A3 A4 A5 AG A7 A8 A9 AID 



FIGURE 5. Alternate Full-Scale Adjust: (Allows Increasing or Decreasing the Gain) 

DIGITAL WORD A 


MSB LSB 

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 



where V/ppp can be an AC signal 


FIGURE 6. Precision Analog-to-Digital Multiplier 
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Typical Applications (Continued) 

MSB LSB 



AN = —1 if A|\| input is low 


COMPLEMENTARY OFFSET BINARY 
(BIPOLAR) OPERATION 


DIGITAL INPUT | 

VOUT 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

+VREF 

0 

0 

0 

0 

0 

0 

0 

0 

0 1 

Vref x 1022/1024 

0 

1 

1 

1 

1 

1 

1 

1 

1 1 

Vref X 2/1024 

1 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 1 

-Vref X 2/1024 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 

-Vref (1022/1024) 


Note that: 

• ‘OUT 1 + ‘OUT 2 = 

^LADDER \ 1 024 / 

• By doubling the output range we get half the resolution 

• The 10M resistor, adds a 1 LSB "thump", to allow full 
offset binary operation where the output reaches zero 
for the half-scale code. If symmetrical output excursions 
are required, omit the 10M resistor. 


FIGURE 7. Bipolar 4-Quadrant Multiplying Configuration 


Operational Amplifiers Vos Adjust (Figure 7) 

a) Switch all the digital inputs high; adjust the Vos 
potentiometer of op amp B to bring its output to a 
value equal to -(Vref/1024) (V). 

b) Switch, the MSB high and the remaining digital 
inputs low. Adjust the Vos potentiometer of op 
amp A, to bring its output value to within a 1 mV 
from ground potential. For Vref < 10V, a finer 
adjust is necessary, as already mentioned in the 
previous application. 


Gain Adjust (Full-Scale Adjust) 

Assuming that the external 10k resistors are matched to 
better than 0.1%, the gain adjust of the circuit is the 
same with the one previously discussed. 




TRUE OFFSET BINARY OPERATION 


DIGITAL INPUT 

VOUT 

1111111111 

Vref X 1022/1024 

1000000000 

0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

-vref 


t s = 1 .8 ns 

use LM336 for a voltage reference 


R4= (2A V “— 1)R, — 
R3 + R1||R2 = R;Av _ = 


= A V~ 

A V ~ - 1 ' 

VQUT j PE AK ) R = 2pk 

v ref 


Example: Vref = 2V, VoUT (swing) - ± 10V: Av ~ 5V 
Then R4 = 9R, R1 = 0.8 R2. If R1 = 0.2R then R2 = 0.25R, 
R3 = 0.64R 


FIGURE 8. Bipolar Configuration with a Single Op Amp FIGURE 9. Bipolar Configuration with Increased Output Swing 
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DAC1020, DAC1220 


Typical Applications (Continued) 


MSB LSB 

A1 A2 A3 A4 A5 A6 A7 A8 A9 AID 



v OUT = 


-Vref 


A1 A2 A3 
— + — + — + . . . 
2 4 8 


A10\ 

1024/ 


where: Vref can be an AC signal 

• By connecting the DAC in the feedback loop of an operational amplifier a linear digitally 
control gain block can be realized 

• Note that with all digital inputs low, the gain of the amplifier is infinity, that is, the op amp will 
saturate. In other words, we cannot divide the Vref by zero! 


FIGURE 10. Analog-to-Digital Divider (or Digitally Gain Controlled Amplifier) 


i 



where: 0<N<1023 

N = 0 for A|\| = all zeros 
N = 1 for A10= 1, A1-A9 = 0 


N = 1023 for Am = ail 1's 

FIGURE 11. Digitally Controlled Amplifier- Attenuator 


8-120 



Typical Applications (Continued) 



CONTROL) 

fpi « 

• Output frequency = — — ; fjyjAX = 2 kHz 

• Output voltage range = OV— 10V peak 

• THD < 0.2% 

• Excellent amplitude and frequency stability with temperature 

• Low pass filter shown has a 1 kHz corner (for output frequencies below 10 Hz, filter corner should be reduced) 

• Any periodic function can be implemented by modifying the contents of the look up table ROM 

• No start up problems 

FIGURE 12. Precision Low Frequency Sine Wave Oscillator Using Sine Look-Up ROM 
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Typical Applications (Continued) 



TO DAC1020 
DIGITAL INPUTS 


• Binary up/down counter digitally "ramps" the DAC output 

• Can stop counting at any desired 10-bit input code 

• Senses up or down count overflow and automatically reverses direction of count v 

FIGURE 13. A Useful Digital Input Code Generator for DAC Attenuator or Amplifier Circuits 
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Definition of Terms 

Resolution: Resolution is defined as the reciprocal of 
the number of discrete steps in the D/A output. It is 
directly related to the number of switches or bits within 
the D/A. For example, the DAC1020 has 2 1 ® or 1024 
steps while the DAC1220 has 2^ or 4096 steps. There- 
fore, the DAC1020 has 10-bit resolution, while the 
DAC1220 has 12-bit resolution. 


Linearity Error: Linearity error is the maximum devia- 
tion from a straight line passing through the endpoints 
of the D/A transfer characteristic. It is measured after 
calibrating for zero (see Vos adjust in typical applica- 
tions) and full-scale. Linearity error is a design parameter 
intrinsic to the device and cannot be externally adjusted. 


Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the 
D/A full-scale output. 

Settling Time: Full-scale settling time requires a zero to 
full-scale or full-scale to zero output change. Settling 
time is the time required from a code transition until 
the D/A output reaches within ±1/2 LSB of final output 
value. 

Full-Scale Error: Full-scale error is a measure of the 
output error between an ideal D/A and the actual device 
output. Ideally, for the DAC1020 full-scale is Vref — 
1 LSB. For Vref = 10V and unipolar operation, 
VFULL-SCALE = 10.0000V - 9.8 mV = 9.9902V. 
Full-scale error is adjustable to zero as shown in Figure 5. 





(a) End point test after zero and full-scale adjust. 
The DAC has 1 LSB linearity error 


(b) By shifting the full-scale calibration on of the DAC 
of Figure (bl) we could pass the "best straight 
line", (b2) test and meet the ±1/2 LSB linearity 
error specification 


Note, (a), (bl) and (b2) above illustrate the difference between "end point" National's linearity test (a) and "best straight line” test. 
Note that both devices in (a) and (b2) meet the ±1/2 LSB linearity error specification but the end* point test is a more "real life" way 
- of characterizing the DAC. 


Connection Diagrams 


DAC102X 

Dual-In-Line Package 


DAC122X 

Dual-ln-Line Package 
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DAC1200/DAC1201 ,DAC1202/DAC1203 



National 

Semiconductor 


A to D, D to A 


DAC1200/DAC1201 12-Bit (Binary) Digital-to-Analog 
Converters 

DAC1202/DAC1203 3-Digit (BCD) Digital-to-Analog 
Converters 


General Description 

The DAC1200 series of D/A converters is a family of 
precision low-cost converter building blocks intended to 
fulfill a wide range of industrial and military D/A 
applications. These devices are complete functional 
blocks requiring only application of power for operation. 
The design combines a precision 12-bit weighted current 
source (12 current switches and 12-bit thin-fiim resistor 
network), a rapid-settling operational amplifier, and 
10.24V (for binary series) or 10.00V (for BCD series) 
buffered reference. 

Input coding options include complementary binary and 
complementary BCD formats. In all instances, a logic 
"low" (< 0.8V) turns a given bit ON, and a logic "high" 
(> 2.0V) turns the bit OFF. Output format may be pro- 
grammed for bipolar (±10V) or unipolar (0 to 10V) 
operation using internally supplied thin-film resistor pin 
strap options. Current mode operation is also available 
from 0 to 2 mA (for binary) or 0 to 1.25 mA (for BCD). 

The entire series is available in hermetically sealed 24- 
lead DIP. 


Features 

■ Circuit completely self-contained 

■ Both current and voltage-mode outputs 

■ Standard power supplies: ±15V and +5V 

■ Internal buffered reference: 10.24V for binary 

10.00V for BCD 

■ 0 to 2 mA, ±10V or 0 to 10V output by strapping 
internal resistors; other scales by external resistors 

■ ±1/2 LSB (binary) or ±1/10 LSD (B.CD) linearity 

■ Fast settling time: 1.5 jus in current mode 

2.5 jus in voltage mode 

■ High slew rate: 15 V/jus 

■ TTL and CMOS compatible complementary binary or 
BCD input logic format 

■ 12 bit linearity 

■ Standard dual-width DIP package 


Block and Connection Diagrams 



*R21 = R22 = 16k for DAC1 202/1203 (BCD) 
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Absolute Maximum Ratings 


Supply Voltage (V + & V") 

Logic Supply Voltage (Vqq) 

Logic Input Voltage 
Reference Input Voltage 
Power Dissipation 

Short Circuit Duration (pins 18, 1 9 & 21 ) 

Operating Temperature Range 

DAC1200HD, DAC1201HD, DAC1202HD, DAC1203HD 
DAC1200HCD, DAC1201 HCD, DAC1202HCD, DAC1203HCD 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec.) 


±18 V 
+ 10V 
-0.7 V to +18V 
-0V, +18 V 
(see graphs) 
Continuous 

-55° C to +125°C 
-25° C to +85° C 

-65°C to +150°C 
300° C 


DC Electrical Characteristics DAC1200/1201 Binary D/A (Notes i, 21 


PARAMETER 

CONDITIONS 

DAC1 200/1 200C 

DAC1201/1201C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Resolution 


12 



12 



Bits 

Linearity Error (Note 3) 

T A = 25° C 



±0.0122 



±0.0488 

% FS 





±0.0244 



±0.0976 

% FS 

Offset Voltage 

T A = 25° C 


1 

5 



10 

mV 





10 



15 

mV 

Voltage Mode Full-Scale Error (Note 3) 

Vref = 10.240V 


0.01 

o.i 


0.02 

0.2 

% FS 

Voltage Mode Full-Scale Error 

Pin 21 connected to Pin 14, T A = 25°C 


0.1 

0.6 


0.1 

0.7 

% FS 

Monotonicity (Notes 3, 4) 


| Guaranteed 

1 over the temperature range 



AV + = +2 V „ 


0.002 

0.02 


0.002 

0.02 

% FS /V 

Voltage Mode Power Supply 

AV~ = +2V lAr 2b C 


0.002 

0.02 


0.002 

0.02 

% FS/V 

Sensitivity 

AV CC =±1 V VhEF= 10.240V 


0.002 

0.02 


0.002 

0.02 

% FS/V 

Output Voltage Range 

R L = 5k 

±10.5 

±12 


±10.5 

±12 


V 

Voltage Mode Output Short Circuit 

T A = 25° C 


20 

50 

! 

20 

50 

mA 

Current Limit 









■ 

Current Mode Voltage Compliance 

(Note 6) 

±2.5 



±2.5 



V 

Current Mode Output Impedance 



15 



15 


kil 

Reference Voltage 

0mA < 1 ref < 2mA, T A = 25° C 

10.190 

10.240 

10.290 

10.190 

10.240 

10.290 

V 

Logic "1" Input Voltage (Bit OFF) 


2.0 



2.0 



V 

Logic "0” Input Voltage (Bit ON) 




0.8 



1 0.8 

V 

Logic "1" Input Current (Bit OFF) 

V| N = 2.5V 


1 

10 


1 

10 

pA 

Logic "0" Input Current (Bit ON) 

> 

o 

ii 

z 

> 


-10 

-100 


-10 

-100 

pA 

l + 

V + = 15.0 V 


10 

15 


10 

15 

mA 

Power Supply Current 1” 

V“ = -15.0 V T A = 25° C 


25 

30 


25 

30 

mA 

icc 

V C C = 5.0V 


20 

25 


20 

25 

mA 
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DC Electrical Characteristics DAC1202/1203 3-Digit BCD D/A (Notes 1.2) 




I DAC1 202/1 202C 

DAC1203/1203C 1 


PARAMETER 

CONDITIONS 







UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 




Resolution 


3 



3 



Digits 

Linearity Error (Note 5) 

T A = 25° C 



0.01 



0.05 

% FS 

' 




0.02 



0.1 

% FS 

Offset Voltage 

T A = 25° C 


1 

5 

1 

1 

10 

mV 





10 



15 

mV 

Voltage Mode Full-Scale Error (Note 5) 

Vref= io.ooov 


0.01 

0.1 


0.02 

0.2 

% FS 

Voltage Mode Full-Scale Error 

Pin 21 connected to Pin 14, T A = 25°C 


0.5 

0.6 



0.7 

% FS 

Monotonicity (Notes 4, 5) 


G 

uaranteed over the temper? 

jture rangi 

e 


Voltage Mode Power Supply 

AV + = + 2V _ . 


0.002 

0.02 


0.002 

0.02 

% FS/V 

AV~ = ±2V TA=25C 


0.002 

0.02 


0.002 

0.02 

% FS/V 

Sensitivity 

av cc = ±iv v REF = IO.OOOV 


0.002 

0.02 


0.002 

0.02 

% FS/V 

Voltage Mode Output Voltage 

Range 

R|_ = 5k 

±10.5 

±12 

1 


±10.5 

±12 


V 

Voltage Mode Output Short Circuit 
Limit 

T A = 25° C 


20 

50 


20 

50 

mA 

Current Mode Compliance 

(Note 6) 

±2.5 



±2.5 



V- 

Current Mode Output Impedance 



10 

* 


10 



Reference Voltage 

0 < IREF < 2mA, T A = 25°C 

9.950 

10.000 

10.050 

9.950 

10.000 

10.050 

V 

Logic ",1" Input Voltage (Bit OFF) 


2.0 



2.0 



V 

Logic "0" Input Voltage (Bit ON).. 




0.8 



0.8 

V 

Logic "1" Input Current (Bit OFF) 

V| N = 2.5V 


1 

10 


1 

10 

(iA 

Logic "0" Input Current (Bit ON) 

V|N = 0V 


-10 

-100 


-10 

-100 

ma 

l + 

V + = 15.0V 


10 

15 


10 

15 

mA 

Power Supply Current l" 

V“ = -15.0 V T A = 25° C 


25 

30 


25 

30 

mA 

icc 

V C C=5.0V 


20 | 

25 


20 

25 

mA 


AC Electrical Characteristics DAC1 200/1 201 /1 202/1 203 


PARAMETER 

CONDITIONS (Ta = 25°C) 

MIN 

TYP 

MAX 

UNITS 

Voltage Mode 

DAC1 200/1 202, V € < 1 .25 mV 



1.5 

3.0 

Ms 

±1 LSB Settling Time (Note 6) 

DAC1 201/1 203, V e <5.0mV 



1 

3.0 

MS 

Voltage Mode Full-Scale 

DAC1 200/1 202, V e < 1 .25 mV 



2.5 

5.0 

Ms 

Change Settling Time (Note 6) 

DAC1 201/1 203, V e < 5.0 mV 



2.0 

5.0 

Ms 

Current Mode 

RL= 1k£2, Ci_<20pF 



1.5 


MS 

Full-Scale Settling Time 

0 < AIquT ^ 2mA 




Voltage Mode Slew Rate 

-10V<AVquT< + 10V 



15 


V/ms 


Note 1: Unless otherwise noted, these specifications apply for V + = 15.0V, V" = -15.0V, and Vqc = 5.0V over the temperature range ~55°C to 
+1 25° C for the DAC1200HD/1201/1202/1203 and -25°C to +85°C for the DAC1200HCD/1201/1202/1203. 

Note 2: All typical values are for T A = 25°C. 

Note 3: Unless otherwise noted, this specification applies for VreF = 10.24V, and over the temperature range -25°C to +85°C. Testing 
conditions include adjustment of offset to 0V and full-scale to 10.2375V. 

Note 4: The DAC1200, DAC1202 and DAC1203 are tested for monotonicity by stimulating all bits; the DAC1201 is tested for monotonicity by 
stimulating only the 10 MSBs and holding the 2 LSBs at 2.0V (i.e., 2 LSBs are OF F). 

Note 5: Unless otherwise noted, this specification applies for Vref = 10.000V, and over the temperature range -25°C to +85°C. Testing 
conditions include adjustment of offset to 0V and full-scale to 9.990V. 

Note 6: Not tested — guaranteed by design. 

Note 7: (AV O UT=10V) 
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Typical Performance Characteristics 


Maximum Power Dissipation 



TEMPERATURE ( 0 


Supply Current vs Temperature 



-55 -25 0 25 50 75 100 125 


TEMPERATURE { C) 


Supply Current vs Temperature 

30 
25 
20 
15 
10 
5 
0 

-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 




1 LSB Transition 

1011 ... 1 1100 ... 0 

Vq = 0. 10V 

C F = 30pF 

T a = 25°C 



10V Full Scale Settling Time 



10V Full Scale Pulse Response 


Applications Information 

1. Introduction 

The DAC1200 series D/A converters are designed to 
minimize adjustments and user-supplied external com- 
ponents. For example, included in the package are a 
buffered reference, offset nulled output amplifier, and 
application resistors as well as the basic 12-bit current 
mode D/A. 

However, the DAC1200 series is a sophisticated building 
block. Its principles of operation and the following 
applications information should be read before applying 
power to the device. 

The user is referred to National Semiconductor Applica- 
tion Notes AN-156 and AN-157 for additional informa- 
tion. 

2. Power Supply Selection & Decoupling 

Selection of power supplies is important in applications 
requiring 0.01% accuracy. The ±15V supplies should be 
well regulated (±15V ± 0.1%) with less than 0.5mVrms 
of output noise and hum. 

To realize the full speed capability of the device, all three 
power supply leads should be bypassed with IjttF 
tantalum electrolytic capacitors in shunt with 0.01 /iF 
ceramic disc capacitors no farther than % inch from the 
device package. 



*VoUT = ('ZERO to lFULLSCALE)<^- + -^ ) 

= (OmA to 2.0475mA)(5kS2) 

= 0V to +10. 2375V 

•Values shown are for Vpgp = 10.240V. 

1 LSB Voltage Step = 1 ^p|g V = 2.5mV. 

1 LSB Current Step = |^V = 0.5pA 

FIGURE 1 A. DAC1200/DAC1201 Unipolar Operation 



*VOUT = (l ZERO to lFULLSCALE)( p|] YR22 ! 


= (0 to 1.24875mA)(8k£2) 


3. Unipolar and Bipolar Operation 

The DAC1200 series D/A's may be configured for either 
unipolar or bipolar operation using resistors provided 
with the device. Figures 1 A and IB illustrate the proper 
connection for binary and BCD unipolar operation. 

Bipolar operation is accomplished by offsetting the 
output amplifier A3 as shown in figures 2A and 2B. 


= 0V to 9.990V 

•Values shown are for VreF = 10.000V. 

1 LSD Voltage Step = = 10 mV 

1 LSD Current Step = = 1 .25juA 

FIGURE IB. DAC1 202/D AC1 203 Unipolar Operation 
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*V 0 UT = (0 to 2.0475mA)R22 - R21 

= (0 to 2.0475mA)R22 - Vref, R21 = R22 
' = -10.240 to + 10.235V 
“Values shown are for Vref = 10.240V 
1 LSB = 5mV. 

FIGURE 2A. DAC1200/DAC1201 Bipolar Operation 



=; -10.000V to +9.80V 
“Values shown are for Vref = 10.000V. 

1 LSD Voltage Step = 20mV. 

FIGURE 2B. DAC1 202/D AC1 203 Bipolar Operation 

External resistors may be used to achieve alternate zero 
and full-scale voltages. It is advantageous to utilize R21 
and R22 even in these applications since they are closely 
matched in TCR and temperature to the internal array. 
Figure 3 illustrates the recommended circuit for zero to 
5V operation. ReXT should be of metal film or wire- 
wound construction with a TCR of less than 10ppm/°C. 



RTOTAL = (R21) || (R22) || (R E XT) = = 2.5k£2. 

2.0475mA 

FIGURE 3. DAC1200 0 to 5.120V Operation 

4. Offset and Full-Scale Adjust 

If higher precision is required in the zero and full-scale, 
external adjustments may be made. The circuit of figure 
4 illustrates the recommended circuit to adjust offset and 
full-scale of the DAC1200 series. The circuit will work 
equally well for unipolar or bipolar operation. 

In bipolar operation, the offset is adjusted at minus full- 
scale; in the unipolar case at zero scale. 


+isvo — 1 

100k. < 
10TURN< 


r — 00 

10Mn > R7 
r — — VVV lookrz 


FIGURE 4. Offset & Full-Scale Adjust 


For the values shown in figure 4, R1 will allow a ±7 mV, 
offset adjustment for the unipolar case and ±15 mV for 
the bipolar case. R2 will allow a ±50mV adjustment of 
full scale. 


5. Current Mode Operation 

Access to the summing junction of A3 affords current 
mode operation either with a resistive load or to drive a 
fast-settling external operational amplifier. The loop 
around A3 should not be closed in current mode opera- 
tion. There is a ±2.5V maximum compliance voltage at 
A2's output (pin 18) which restricts the maximum size 
of the load resistor; i.e., Rl x IFULLSCALE ^ 2.5V. 

Note: IFULLSCALE % 2 mA for DAC1200/DAC1201 
and « 1 .25 mA for DAC1 202/DAC1 203. 


6. Settling Time & Glitch Minimization 

The settling time of the DAC1200 series and the glitch 
which occurs between major input code changes may be 
improved by placing a 10 to 30 pF capacitor between 
pins 18 (current-mode output) and 19 (voltage mode 
output). The capacitor is used to cancel output capaci- 
tance of the current mode D/A and stray capacitance at 
pin 18. 

7. Current Output Boosting 

The DAC1200 series may be operated as a "power D/A" 
by including a current buffer such as the LH0002 or 
LH0063 in the loop with A3 as shown in figure 5. 



FIGURE 5. Current Boosted Output 


8. Logic Input Coding 

The sense of the logic inputs to the DAC1200 series is 
complementary; i.e., a given bit is turned ON by an 
active "low" input. Table I summarizes input status for 
the unipolar and bipolar complementary binary and BCD 
codes. 

Other input bodes may also be used. For example, the 
twos complement code, which is used extensively in 
computer and microprocessor applications, may be con- 
verted to the D AC1 200 complementary bipolar format by 
inverting all bits except the MSB. The inversion may be 
accomplished in the microprocessor by software control, 
or by hardware using standard hex-inverters. 

9. Reference Voltage 

External reference voltages may be used with the 
DAC1 200 series. Voltages other than 10.240 or 10.000V 
in the range of +5.0V to 11V will work satisfactorily 
for voltage mode operation. Full-scale voltage is- always 
VREF ~ 1 LSB where 1 LSB = VpiEF/4096 (binary) 
or Vret/1000 (BCD). Full-scale current (for binary) 
may be predicted by: 

IFULLSCALE = (V FI EF) (0.1 99951 17)mA 


8-128 




(Note 8) 0 

CODE TYPE INPUT CODE OUTPUT STATE OUTPUT VOLTAGE OUTPUT CURRENT 



MSB 


LSB 


(Note 9) 



0000 

0000 

0000 

Full-Scale 

+10. 2375V 

2.0475mA 

Unipolar Complementary Binary 

1111 

1111 

1110 

1 LSB ON 

+2.500mV 

0.500 juA 


1111 

1111 

1111 

Zero Scale 

Zero 

Zero 


0000 

0000 

0000 

Full-Scale 

+10. 235V 

+1. 0235mA 


0111 

1111 

1111 

Half Full-Scale 

' -0.000V 

0.000 mA 

Bipolar Complementary Binary 


1111 

1111 

1110 

1 LSB ON 

-10.235V 

-1.0235mA 


1111 

1111 

1111 

Zero Scale 

-10.240V 

-1.0240mA 


0110 

0110 

0110 

Full-Scale 

+9. 990V 

1.24875mA 

Unipolar Complementary BCD 

1111 

1111 

1110 

1 LSB ON 

lO.OOOmV 

1.250pA 


1111 

1111 

1111 

Zero Scale 

Zero 

Zero 


0110 

0110 

0110 

Full-Scale 

9.980V 

+0.62375 m A 


1010 

1111 

1111 

Half Full-Scale 

0.000V 

Zero 

Bipolar Complementary BCD 


1111 

1111 

1110 

1 LSB ON 

-9.980V 

-0.62375mA 


1111 

1111 

1111 

Zero Scale 

-10.00V 

-0.625 mA 


Note 8: Logic input sense is such that an active low (V | |\j < 0.8V) turns a given bit ON and is represented as a logic "0" in the table. 
Note 9: V RE F = 10.240V for the DAC1 200/1 201 and 10.000V for the DAC1 202/1 203. 


Definition of Terms 

Power Supply Sensitivity 

Power supply sensitivity is a measure of the effect of 
ppwer supply changes on the D/A full-scale output. 

Settling Time 

Two settling time parameters are specified for the 
DAC1200 series. Full-scale settling time requires a zero to 
full-scale or full-scale to zero output change. One LSB 
settling time requires one LSB output change. In both 
instances, settling time is the time required from a code 
transition until the D/A output reaches within ±Vz LSB 
of final output value. 

Monotonicity 

Monotonicity is a characteristic of the D/A which re- 
quires a non-negative output step for an increasing input 
digital code. Monotonicity, therefore, demands no back 
steps or changes in sign of the slope of the D/A transfer 
characteristic. 

Full-Scale Error 

Full-scale error is a measure of the output error between 
an ideal D/A- and the actual device output. Ideally, for 
the DAC1200 full-scale is Vref — 1 LSB. For Vref = 
10.240V and unipolar operation, VpULLSCALE = 
10.240V - 2.5mV = 10.2375V. Departures from this 
value include internal gain, scaling, and reference errors. 
Full-scale error is adjustable to zero as discussed in the 
Applications section. 


Resolution 

Resolution is defined as the reciprocal of the number of 
discrete steps in the D/A output (as designed). It is 
directly related to the number of switches or bits within 
the D/A. For example, the DAC1200 has 2^ or 4096 
steps. Resolution may therefore be expressed variously 
as 12 bits, as 1 part in 2^2, a s 1 part in 4096, or as a 
percentage (1/4096x 100= 0.0244%). TheDAC1202 has 
1000 steps and 3 BCD digits. Resolution may be 
expressed as 0.1% or 3 BCD digits. 

Linearity Error 

Linearity error is the maximum deviation from a straight 
line passing through the endpoints of the D/A transfer 
characteristic. It is measured after calibrating for zero 
and full-scale. The linearity error of the DAC1 200 series 
is guaranteed to be less than ±Vz LSB or 0.0122% of F.S. 
for the DAC12Q0/1200C and ±0.0488% of F.S. for the 
DAC1201/DAC1201C. Linearity error is a design para- 
meter intrinsic to the device and cannot be externally 
adjusted. 

Offset Voltage 

Offset voltage is an output voltage other than zero volts 
for unipolar operation (and other than minus full-scale 
for bipolar operation) with all bits turned OFF. In the 
DAC1200 series this error resides.primarily in the output 
amplifier, A3. Offset voltage is adjustable to zero as 
discussed in the applications section. 
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DAC1200/DAC1201 ,DAC1202/DAC1203 


Typical Application 


DIGITAL INPUTS, TTL, CMOS 



20 Volt Full-Scale Complementary D/A 


DC Test Circuit 


+15.0V VREF 



*LH0070 for DAC 1202/1 203 

Cl = C2 = C3 = 4.7/uF (solid tantalum) in parallel with a 0.01 {if ceramic disc 


Ordering Information 


PART NUMBER 

PACKAGE 

25°C 

LINEARITY 

ERROR 

OPERATING 

TEMPERATURE 

RANGE 

BINARY 

BCD 

DAC1200HD 

DAC1202HD 

Ceramic DIP 

0.01% 

-55° C to +125°C 

DAC1201HD 

DAC1203HD 

Ceramic DIP 

0.05% 

-55° C to +1 25° C 

DAC1200HCD 

DAC1202HCD 

Ceramic DIP 

0.01% 

-25° C to +85° C 

DAC1201HCD 

DAC1203HCD 

Ceramic DIP 

0.05% 

-25° C to +85° C 


See NS Package HY24A 
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National 

Semiconductor 


A to D, D to A 


DAC1280, DAC1285 12-Bit (Binary), 

DAC1286, DAC1287 3-Digit (BCD) Digital-to-Analog 
Converters 


General Description 

The DAC1280 series is a family of precision, low cost, 
fully self-contained digital-to-analog converters. The 
devices include 12 precision current switches, a 12-bit 
thin film resistor network, output amplifier, buffered 
internal reference, and several precision resistors, which 
allow the user to tailor his system needs to accommodate 
a variety of bipolar and unipolar output voltage and 
current ranges. Logic inputs are TTL, DTL and CMOS 
compatible, and are available in complementary binary 
(CBI) and complementary BCD (CCD) coding formats. 
In all instances, a logic low (< 0.8V) turns a given bit 
ON, and a logic high (> 2 V) turns a given bit OFF. 
Internally supplied resistor options provide low drift 
bipolar output voltage ranges of ±2.5V, ±5V, ±10V, 
and unipolar ranges of 0 to 5V or 0 to 10V. Current 
mode output is also available 0 to 2 mA (binary models) 
and 1.25 mA (BCD models). 

The entire series is available in a rugged side-brazed 
ceramic 24-lead DIP. 


Features 

■ Completely self-contained with no external com- 
ponents required 

■ ±1/2 LSB linearity 

■ Standard power supplies: ±15V, 5V 

■ TTL, DTL, CMOS compatible binary or BCD 

■ ±2.5V, ±5V, ±10V, 0 to 5V, 0 to 10V voltage outputs 

■ 0 to 2 m A, 0 to 1 .25 mA current output 

■ Internal reference 

■ Fast settling time: 300 ns current mode, 2.5 fis' 
voltage mode 

■ Pin compatible with DAC80 and DAC85 series 

■ Full military temperature range operation 


Block Diagram 


REFERENCE BIPOLAR 

INPUT OFFSET 



(MSB) 


(LSB) 


2-1 2~ 2 2 - 3 2 “^ 2 ”® 2 ~® 2~1 2 ~® 2 ~^ 2 ~ ^ 2 ~^ i—\2 


CURRENT 
MODE 10V 
OUTPUT RANGE 


20V 

RANGE 


V s 
2 

3 

4 

5 

6 

7 

8 

9 

10 


12 

20 

18 

19 













R20 

R21* 

2LJ 

LJ 

LJ 

LJ 

LJ 

LJ 

LJ 

LJ 

LJ 

LJ 

LJ 

L 

5k 

hVVNH 

5k 

MWVr 1 



A 23 

GAIN 

ADJUST 



OUT 

(6.3V) 


*R21 = 3k for BCD 
**Pin 17 is not connected for BCD 
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DAC1280, DAC1285, DAC1286, DAC1287 


Absolute Maximum Ratings 

Supply Voltage (V+ and V—) 

Logic Supply Voltage (Vcc) 

Logic Input Voltage 
Reference Input Voltage (Vref) 

Power Dissipation 

Short-Circuit Duration (Pins 15, 20 and 24) 
Operating Temperature Range 
DAC1285HD, DAC1286HD 
DAC1285HCD, DAC1286HCD,} 
DAC1280HCD, DAC1287HCD / 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


±18V 
10V 
-0.7V, 18V 
0V, 18V 
(See graph) 
Continuous 

-55°C to +125°C 

-25°C to +85°C 

— 65°C to +150°C 
300° C 


DC Electrical Characteristics DAC1285H, DAC1285HC, DAC1280HC Binary D/A (Notes 1 and 2) 


PARAMETER 

CONDITIONS 

DAC1285HD | 

DAC1285HCD ] 

DAC1280HCD | 

UNITS 

MIN 



mi 



nmn 

IQ23I 

023 

Resolution 


12 



mm 


rzn 

mm 



Bits 

Linearity Error 

Ta = 25°C 



±1/2 



m 



±i 

LSB 

TmIN<T A <T M AX, (Note 3) 






BI3 



±2 

LSB 

Differential Non-Linearity 






3 





LSB 

Zero-Scale Error (Offset) 

(Notes 4 and 5) 


±0.05 






| ±0.05 | 


% FSR 

Zero-Scale Drift (Offset 

Unipolar. Tmin < Ta < TmaX 


±1 


■ 

±i 


m 


■ 

ppm of 
FSR/°C 

Drift) 

Bipolar, TmiN<Ta<TmAX 


±3 

±10 

■ 

±3 

±15 

m 


■ 

ppm of 
FSR/°C 

Full-Scale Error (Gain Error) 

(Note 5) 


Bill 



ODU 



OBI 


% of FSR 

Full-Scale Drift (Gain Drift) 

tmin<t a <t M ax 






±30 


±10 


ppm/°C 

Output Voltage Range 

Using Internally Supplied 

Resistors 



±2.5, ±5.0, ± 

:10, 0 to +5, 0 to +10 



V 

Output Voltage Swing 

RL> 5 kSl, Pin 15 

±10 

1 ±12 


±10 

HJ| 


3Q| 

EEfl 


V 

Output Short-Circuit Current 

Pin 15 








BH 


mA 

Output Impedance 

Pin 15, Closed Loop 


| 0.05 



| 0.05 



| 0.05 | 


a 

Current Mode Output Range 

Unipolar, Pin 20 

0 to —2 mA 

mA 

Bipolar, Pin 20 

±1.0 

t 

Current Mode Compliance 


.±2.5 









V 

Current Mode Output 

Unipolar 


mm 



wm 



mm 


kft 

Impedance 

Bipolar 


i m 



wm 



mm 


k£2 

Reference Voltage 

—2 mA < 1 ref < 2 mA 

6.0 

6.3 


6.0 


321 


Bl 


V 

Logic "1" Input Voltage 

(Bit OFF) 


2.0 

l 






2.0 



V 

Logic "0” Input Voltage 
(Bit ON) 



■ 




0.8 



0.8 

V 

Logic "1" Input Current 

V||\| = 2.5V 


1 

10 


i 

10 



10 

HA 

Logic "0" Input Current 

V|N = 0V 





BB 





juA 


1+ 


mm 



mm 



wm 


mA 

Power Supply Current 

1- 


EM 



mm 



mm 


mA 


Icc 


O 

' 





20 


mA 

Power Supply Sensitivity 



0.002 



0.002 



0.002 


%of 

FSR/%V 
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DC Electrical Characteristics ;daci 286 h,daci 286 hc,daci 287 hcbcd d/a (Notes land 2) 


PARAMETER 


Resolution 


Linearity Error 


Differential Non-Linearity 


CONDITIONS 


DAC1286HD 
MIN | TYP I MAX 


DAC1286HCD 


DAC1287HCD 


TmiN<Ta<T M AX. (Note 3) 


Zero-Scale Drift (Offset Drift) 

Unipolar, TmIN < Ta < TmaX 


±1 


Full-Scale Error (Gain Error) (Note 5) 

Full-Scale Drift (Gain Drift) Tmin < Ta < Tmax 



Using Internally Supplied 
Resistors 


Output Voltage Swing 


Output Short-Circuit Current 


Output Impedance 



Logic "1" Input Current 


Logic "0” Input Current 


Power Supply Current 


Power Supply Sensitivity 


0.8 

V 

10 

juA 

-100 

ma 


Note 1: Unless otherwise specified, these specifications apply for V + = 15V, V — = —15V and Vqc = 5V over the entire temperature range -55° C 
to +125°C for DAC1285HD and DAC1286HD, and -25°C to +85°C for DAC1285HCD, DAC1280HCD, DAC1 286HCD and DAC1287HCD. For 
specified operation, the internal reference (pin 24) must be connected to the reference input (pin 16). The specifications are guaranteed after 
30 seconds of warm-up after power turn-on. 

Note 2: All typical values are for Ta = 25°C. 

Note 3: These specifications apply to the limited temperature range T|\/]||\) = -25°C to TmaX = + 85°C for DAC1285HD and DAC1286HD, and 
TmIN = 0°C to T|\/|ax = +70°C for DAC1285HCD, DAC1280HCD, DAC1286HCD and DAC1 287HCD. For the entire temperature range, double 
the above specifications. 

Note 4: FSR means "full-scale range" and is 20V for ±10V range, 10V for ±5V, etc. 

Note 5: Externally adjustable to zero. 


AC Electrical Characteristics t a = 25 °c, (Note ei 


PARAMETER 



Voltage Mode ±1 LSB Settling Time 
DAC1285, DAC1286 


DAC1280C 


Voltage Mode Full-Scale Settling Time 


Current Mode Full-Scale Settling Time 


Voltage Mode Slew Rate 


Note 6: Not tested, guaranteed by design 


















































































DAC1280, DAC1285, DAC1286, DAC1287 


Connection Diagram 


Dual-In-Line Package 



*NC in BCD models 


Typical Performance Characteristics 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Functional Description 

The DAC1280 series is a sophisticated D/A building 
block. The user is encouraged to read the following 
applications information before applying power to the 
device. Refer to National Semiconductor Application 
Notes AN-156 and AN-159 for additional' applications 
information. 

Selection of power supplies is important in applications 
requiring 0.01% accuracy. The ±15V supplies should be 
well regulated (±15V ±0.1% w.ith less than 0.5 mVrms 
of output noise and ripple. 

To realize full speed capability of the device, all 3 power 
supply leads should be bypassed no further than 1/2 inch 


from the device, with 1 juF tantalum electrolytic capa- 
citors in parallel with 0.01 juF ceramic disc capacitors. 

VOLTAGE MODE OPERATION 

The DAC1280, DAC1285 binary and DAC1286, 

DAC1287 BCD D/A's provide internal scaling resistors 
which permit a wide range of bipolar and unipolar 
output configurations. Bipolar output formats of ±2.5V, 
±5V, ±10V and unipolar formats of 0 to 5V and 0 to 
10V are possible using resistor strap options included 
within the device. Table I and Figures 1-4 summarize the 
proper pin connections required for these formats. 
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Functional Description (Continued) 

TABLE I. Output Voltage/Current Ranges for DAC1280 Series 


OUTPUT 

VOLTAGE 

RANGE 

DIGITAL INPUT 

CODE 

CONNECT 

PIN 15 TO 

CONNECT 
PIN 16 TO 

CONNECT 

PIN 17 TO 

CONNECT 
PIN 19 TO 

±10V 

Complementary Offset Binary 

mm 

MM 

20 

15 

±5V 

Complementary Offset Binary 

■■ 

mm 1 

20 

NC 

±2.5V 

Complementary Offset Binary 

18 

24 

20 . 

20 

+10V 

Complementary Binary 

18 

24 

21 * 

NC 

+5V 

Complementary Binary 

18 

24 

21 * 

20 

' ±1 mA 

Complementary Offset Binary 

NC 

24 

20 

NC 

-2 mA 

Complementary Binary 

NC 

24 

21* 

NC 

+10V 

Complementary BCD 

19 

24 

NC 

15 

-1.25 mA 

Complementary BCD 

NC 

24 

NC 

NC 


Optional, no connection necessary 



> v 0UT 


v OUT : 


(0 to 1 .9995 mA) (R20 + R21 ) - (6.3V/R23) (R21 + R22) 
(0 to 1.9995 mA) (10k) - (1 mA) (10k) 

-10V to +9 .995V 
20V/4096 = 4.88 mV 

FIGURE 1. ±10V Bipolar Operation 



3 V 0UT 


VquT = (0 to 1 .9995 mA) (R20) - (R20/R23M6.3V) , 
= (0 to 1 .9995 mA) (5k) - (5k/6.3k) (6.3V) 

= -5V to 4.9975V 
1 LSB = 10V/4096 = 2.44 mV 

FIGURE 2. ±5V Bipolar Operation 
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DAC1280, DAC1285, DAC1286, DAC1287 


Functional Description (Continued) 


(OPTIONAL) 



= 0 to 9.9976V 
1 LSB = 2.44 mV 

FIGURE 3. 10V Unipolar Operation 



v OUT= (0 to 1.24875 mA) (R20 + R21) 
= (0 to 1.24875 mA) (8k) 

= 0 to 9.990V 
1 LSB = 10 mV 

FIGURE 4. 10V BCD Operation 


CURRENT MODE OPERATION 

Current mode applications which make use of an external 
op amp, comparator, or a resistive load are possible with 
the DAC1280 series using pin 20. When an external op 
amp is used, the internal scaling resistors should be 
utilized to minimize full-scale drift. Configurations 
shown in Table I apply directly. Figure 5 shows one 
application using an external fast operational amplifier. 

Current mode operation into a resistive load should 
also utilize the internally supplied resistors. A com- 
pliance restriction of ±2.5V at pin 20 is required for 
operation in the current output mode. 

OFFSET AND FULL-SCALE ADJUST 

The DAC1280 series may be offset and full-scale adjusted 
using the circuit shown in Figure 6. Offset voltage 
should be adjusted first. A logic "1"(> 2V) should be 


applied to all logic inputs. In bipolar mode, the offset 
is adjusted to equal minus full-scale. In unipolar mode, 
the offset is adjusted to read 0V at the output. Full- 
scale is then adjusted by applying a logic "0" (< 0.8V) 
to all inputs for binary operation. For BCD, apply 
011001100110 input coding. The range of R1 and R2 
shown in Figure 6 is approximately ±0.2% of full-scale 
for the values shown. 

A 30 second "warm-up" period should be allowed (after 
power turn-on) before making the above adjustments. 

LOGIC INPUT CODING 

The logic inputs to the DAC1280 series are comple- 
mentary; i.e., a given bit is turned ON by an active 
low input. Table II summarizes input status for unipolar 
and bipolar codes. 
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Functional Description (Continued) 

REFERENCE SUPPLY 

The DAC1280 series is supplied with an internal 6.3V 
’reference supply voltage (pin 24). In order to obtain 
the specified performance, pin 24 should be connected 
to the Reference Voltage Input (pin 16). Since the 
reference is buffered by an op amp, the reference may 
be used externally at currents up to 5 mA. The reference 
output is short-circuit limited to a nominal 20 mA. An 
external reference voltage may be used with the DAC1 280 
series. Voltage values between 5V and 11V will work 
satisfactorily. Full-scale current may be predicted by: 

lFULL-SCALE = (Vref) (0.317381 mA/V) 


LOGIC INPUT COMPATIBILITY 

The design of the current mode switches in the DAC1 280 
series give the device true TTL compatibility. It is TTL 
compatible over the entire operating temperature range 
and is independent of the reference voltage and VqC- 
Furthermore, since the input breakdown ratings are in 
excess of 18V, the DAC1 280 series may be driven directly 
from high (or low) voltage CMOS. 


TABLE II 


CODE TYPE 

MSB 



INPUT CODE (Note 7) 



LSB 

OUTPUT 

STATE 

| UNIPOLAR OUTPUT RANGES 

0 to 10V 

Oto 5V 

0-2 mA 

0-1.25 mA 

Unipolar 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Full-Scale 

9.9976V 

4.9988V 

-1 .9995 mA 

Complementary 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 LSB ON 

0.0024V 

0.0012V 

0.0005 mA 

Binary 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Zero-Scale 

0.0000V 

0.0000V 

0.0000 mA 

Unipolar 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

Full-Scale 

9.990V 


1 .2488 mA 

Complementary 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 LSB ON 

0.010V 


0.00125 mA 

BCD 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Zero-Scale 

0.000V 


0.0000 mA 


CODE TYPE 

MSB 



INPUT CODE (Note 7) 



LSB 

OUTPUT 

STATE 

BIPOLAR OUTPUT VOLTAGE RANGES 

±10V 

> 

in 

±2.5V 

±1 mA 

Bipolar 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Full-Scale 

9.9951V 

4.9976V 

2.4988V 

-0.9995 mA 

Complementary 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Half-Scale 

0.0000V 

0.0000V 

0.0000V 

0.0000 mA 

Binary 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 LSB ON 

-9.9951V 

-4.9976V 

-2.4988V 

0.9995 mA 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Zero-Scale 

-10.0000V 


-2.5000V 

1 .0000 mA 


Note 7: Logic input sense is such that an active low (V||\j < 0.8V) turns a given bit ON andis represented as a logic "0" in the table. 


EXTERNAL 
OP AMP 



FIGURE 5. ±10V Bipolar Operation with External Operational Amplifier 
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DAC1280, DAC1285, DAC1286, DAC1287 


Functional Description (Continued) 

DIGITAL 

INPUTS 



Ordering Information 


PART NUMBER 

25°C 

LINEARITY 

PACKAGE 

TEMPERATURE 

RANGE 

BINARY 

BCD 

DAC1285HD 

DAC1286HD 

0.01% 

DIP 

— 55°C to +125°C 

DAC1285HCD 

DAC1286HCD 

0.01% 

DIP 

— 25°C to +85° C 

DAC1280HCD 

DAC1287HCD 

0.025% 

DIP 

— 25°C to +85° C 


*See NS Package D24A 
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National a to d, d to a 

Jui Semiconductor 

DM2502, DM2503, DM2504 Successive Approximation 
Registers 

General Description 


The DM2502, DM2503 and DM2504 are 8-bit and 1 2-bit 
TTL registers designed for use in successive approxima- 
tion A/D converters. These devices contain all the logic 
and control circuits necessary in combination with a 
D/A converter to perform successive approximation 
analog-to-digital conversions.. 

The DM2502 has 8 bits with serial capability and is not 
expandable. 

The DM2503 has 8 bits and is expandable without serial 
capability. 

The DM2504 has 12 bits with serial capability and 
expandability. 

All three devices are available in ceramic DIP, ceramic 
flatpak, and molded Epoxy-B DIPs. The DM2502, 


DM2503 and DM2504 operate over -55°C to +125°C; 
the DM2502C, DM2503C and DM2504C operate over 
0°C to +70° C. 


Features 

■ Complete logic for successive approximation A/D 
converters 

■ 8-bit and 12-bit registers 

■ Capable of short cycle or expanded operation 

■ Continuous or start-stop operation 

■ Compatible with D/A converters using any logic code 

■ Active low or active high logic outputs 

■ Use as general purpose serial -to-paral lei converter or 
ring counter 


Logic Diagram 


Connection Diagrams (Dual-ln-Line and Flat Packages) 


jls qH rd°s QhHs qH rqos 


J R R — H R °hH R °F 


Note 1 : Cell logic is repeated for register stages. 
Q5 to QJ DM2502, DM2503 
Q9 to Q1 DM2504 

Note 2: Numbers in parentheses are for DM2504.. 


DM2502, DM2503 


12 111 | tO | 9 


Q1I NC Q11 Q10 Q9 08 07 


!4 123 22 1 21 1 20 1 19 18 17 


DM2502, DM2503, DM2504 





DM2502, DM2503, DM2504 


Absolute Maximum Ratings (Note n Operating Conditions 


Supply Voltage 

7V 

Supply Voltage, Vqq 

MIN 

MAX 

UNITS 

Input Voltage 

Output Voltage 

5.5V 

5.5V 

DM2502C, DM2503C, 
DM2504C 

4.75 

5.25 

V 

Storage Temperature Range - 

Lead Temperature (Soldering, 10 seconds) 

-65°C to +150°C 

300° C 

DM2502, DM2503, 

DM2504 

4.5 

5.5 

V 


Temperature, T A 

DM2502C, DM2503C, 0 +70 °C 

DM2504C 

DM2502, DM2503, -55 +125 °C 

DM2504 , 


Electrical Characteristics (Notes 2 and 3) V cc = 5.0V, T a = 25°C, C L = 1 5 pF, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical "1” Input Voltage (V, H ) 

V cc = Min 

2.0 • 



V 

Logical "1" Input Current (l| H ) 

V cc = Max 





CP Input 

V IH = 2.4V 


6 

40 

pA 

D, E, S Inputs 

V, H = 2.4V 


6 

80 

pA 

All Inputs 

V|„ = 5.5V 



1.0 

mA 

Logical "0" Input Voltage (V )L ) 

Vcc = Min 



0.8 

V 

Logical "0" Input Current (l| L ) 

V cc = Max 





CP, S Inputs 

‘V 1l '=0.4V 


-1.0 

-1.6 

mA 

D, E Inputs 

V | L = 0.4V 


-1.0 

-3.2 

mA 

Logical "1" Output Voltage (V Q h) 

V cc = Min, l OH = -0.48 mA 

2.4 

3.6 ‘ 


V 

Output Short Circuit Current 

V cc - Max; V OU t = 0.0V; 

-10 

-20 

-45 

mA 

(Note 4) (l os ) 

Output High; CP, D, S, High; 






E Low 





Logical "0" Output Voltage ,(V OL ) 

V C c = Min, Iol ~ 9-6 mA 


0.2 

0.4 

V 

Supply Current ^(l cc ) 

Vcc ~ Max, All Outputs Low 





DM2502C 



65 

95 

mA 

DM2502 



65 

85 

mA 

DM2503C ' 



60 

90 

mA 

DM2503 



60 

80 

mA 

DM2504C 



90 

124 

mA 

DM2504 



90 

110 

mA 

Propagation Delay to a Logical "0" . 
From CP to Any Output (t pd0 ) 


10 

18 

28 

ns 

Propagation Delay to a Logical "0” 

CP High, S Low 


16 

24 

ns 

From E to Q7 (Q1 1 ) Output (t pd0 ) 

DM2503, DM2503C, DM2504, 

DM2504C Only 





Propagation Delay to a Logical “1" 
From CP to Any Output (t pd1 ) 


10 

26 ' 

38 

ns 

Propagation Delay to a Logical "1" 

CP High, S Low 


13 

19 

ns 

From E to Q7 (Q1 1 ) Output (t pd1 ) 

DM2503, DM2503C. DM2504, 

DM2504C Only 





Set-Up Time Data Input (t s(D) ) 


-10 

4 

8 

ns 

Set-Up Time Start Input (t s( s)) 


0 

9 

16 

ns 

Minimum Low CP Width (t PWL ) 



30 

42 

ns 

Minimum High CP Width (t PW H) 



17 

24 

ns 

Maximum Clock Frequency (f MAX ) 


15 

21 


MHz 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. > 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DM2502, DM2503 and DM2504, 
and across the 0°C to +70° C range for the DM2502C, DM2503C and DM2504C. All typicals are given for Vqq = 5.0V and T A = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. j 
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Application Information 

OPERATION 

The registers consist of a set of master latches that act 
as the control elements in the device and change state 
on the input clock high-to-low transition and a set of 
slave latches that hold the register data and change on 
the input clock low-to-high transition. Externally the 
device acts as a special purpose serial-to-parallel converter 
that accepts data at the D input of the register and sends 
the data to the appropriate slave latch to appear at the 
register output and the DO output on the DM2502 and 
DM2504 when the clock goes from low-to-high. There 
are no restrictions on the data input; it can change state 
at any time except during a short interval centered about 
the clock low-to-high transition. At the same time that 
data enters the register bit the next less significant bit 
register is set to a low ready for the next iteration. 

The register is reset by holding the S (Start) signal low 
during the clock low-to-high transition. The register 
synchronously resets to the state Q7 (11) low, and all 
the remaining register outputs high. The Q cc (Conver- 
sion Complete) signal is also set high at this time. The S 
signal should not be brought back high until after the 
• clock low-to-high transition in order to guarantee 
correct resetting._After the clock has gone high resetting 
the register, the S signal must be removed. On the next 
clock low-to-high transition the data on the D input is 
set into the Q7 (11) register bit and the Q6 (10) register 
bit is set to a low ready for the next clock cycle. On the 
next clock low-to-high transition data enters the Q6 (10) 
register bit and Q5 (9) is set to a low. This operation is 
repeated for each register bit in turn until the register 
has been filled.- When the data goes into QO, the Q cc 
signal goes low, and the register is inhibited from further 
change until reset by a Start signal. 

The DM2502, DM2503 and DM2504 have a specially 
tailored two-phase clock generator to provide non- 
overlapping two-phase clock pulses (i.e., the clock 
waveforms intersect below the thresholds of the gates 


they drive). Thus, even at very slow dV/dt rates at the 
clock input (such as from relatively weak comparator 
outputs), improper logic operation will not result. 

LOGIC CODES 

All three registers can be operated with various logic 
codes. Two's complement code is used by offsetting the 
comparator 1/2 full range + 1_/2 LSB and using the 
complement of the MSB (Q7 or Q1 1 ) with a binary D/A 
converter. Offset binary is used in the same manner but 
with the MSB (Q7 or Q11). BCD D/A converters can be 
used with the addition of illegal code suppression logic. 

ACTIVE HIGH OR ACTIVE LOW LOGIC 

The register can be used with either D/A converters that 
require a low voltage level to turn on, or D/A converters 
that require a high voltage level to turn the switch on. If 
D/A converters are used which turn on with a low logic 
level, the resulting digital output from the register is 
active low. That is, a logic “1" is represented as a low 
voltage level. If D/A converters are used that turn on 
with a high logic level then the digital output is active 
high; a logic "1" is represented as a high voltage level. 

EXPANDED OPERATION 

An active low enable input, E, on the DM2503 and 
DM2504 allows registers to be connected together to 
form a longer register by connecting the clock, D, and S 
inputs in parallel £nd connecting the Q cc output of one 
register to the E input of the next less significant 
register. When the start signal resets the register, the E 
signal goes high, forcing the Q7 (11) bit high and 
inhibiting the register from accepting data until the 
previous register is full jand its Q cc goes low. If only 
one register is used the E input should be held at a low 
logic level. 


Timing Diagram 

DM2502, DM2503 
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DM2502, DM2503, DM2504 




DM2502, DM2503, DM2504 


Application Information (Continued) 

SHORT CYCLE 

' If all bits are not required, the register may be truncated 
and conversion time saved by using a register output 
going low rather than the Q cc signal to indicate the end 
of conversion. If the register is truncated and operated 
in the continuous conversion mode, a lock-up condition 
may occur on power turn-on. This condition can be 
avoided by making the start input the OR function of 
Qc C and the appropriate register output. 


COMPARATOR BIAS 

To minimize the digital error below ±1/2 LSB, the 
comparator must be biased. If a D/A converter is used 
which requires a low voltage level to turn on, the 
comparator should be biased +1/2 LSB. If the D/A 
converter requires a high logic level to turn on, the 
comparator must be biased -1/2 LSB. 


Definition of Terms 

CP: The clock input of the register. 

D: The serial data input of the register. 

DO: The serial data out. (The D input delayed one bit). 
E: The register enable. This input is used to expand the 
length of the register and when high forces the Q7 (11) 
register output high and inhibits conversion. When not 
used for expansion the enable is held at a low logic level 
(ground). 

Qj i = 7 (11) to 0: The outputs of the register. 

Qcc : The conversion complete output. This output 
remains high during a conversion and goes low when a 
conversion is complete. 

Q7 (11): The true output of the MSB of the register. 
Q7 (11): The complement output of the MSB of the 
register. 

S: The start input. If the start input is held low for at 
least a clock period the register will be reset to Q7 (11) 
low and all the remaining outputs high. A start pulse that 
is low for a shorter period of time can_be used if it 
meets the set-up time requirements of the S input. 


Truth Table 


DM2502, DM2503 



Note 1: Truth table for DM2504 is extended to include 12 outputs. 

Note 2: Truth table for DM2502 does not include E column or last line in truth table shown. 
Note 3: Truth table for DM2503 does not include 0.0 column. 


Typical Applications 


H = High Voltage Level 
L = Low Voltage Level 
X = Don’t Care 
NC = No Change 


r— 



1 1 

— 

0 s 

00 

CP OM25Q2 

dec 

Q7 06 as 04 03 02 01 QO 

— 


CLOCK- 

0 S 

DO 

DM2502 

Occ 

07 06 05 Q4 03 Q2 01 QO 

— 


BCD Illegal Code Suppression 
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LF13300 


National 

Semiconductor 


A to D, D to A 



BI-FET Technology 


LF13300 integrating A/D Analog Building Block 


General Description 


The LF 13300 is the analog section of a precision inte- 
grating analog-to-digital (A/D) system. JFET and bipolar 
transistors (BI-FET) are combined on the same chip to 
provide a high input impedance unity gain buffer, 
comparator and integrator, along with 9 JFET analog 
switches. The LF 13300 has sufficient resolution to 
construct up to a 4 1 /2-digit Digital Panel Meter (DPM) 
or a 12-bit (plus sign) Data Acquisition System and is 
specifically designed for use with either the ADB4510 
BCD digital building block or the ADB1200 (MM5863)* 
12-bit binary building block. 


See ADB1200 (MM5863) data sheet for more information. 


Features 

■ Rugged JFETs allow blow-out free handling 

■ High input impedance 10,000 M12 typ 

■ Automatic offset correction 

■ Analog circuitry can be physically and electrically 
isolated from high noise digital circuits 

■ Analog input range of ±1 IV with ±15V supplies 

■ Wide power supply voltage range ±5V to ±18V 

■ TTL and CMOS compatible logic 

■ Can interface directly with microprocessors 

■ Versatile: can be used as a 12-bit plus sign binary 
A/D, 4 1 /2-digit, 3 3/4-digit and 3 1 /2-digit Digital 
Panel Meter (DPM) 

■ Low cost 


Block and Connection Diagrams 


ANALOG 

UNKNOWN 

INPUT REFERENCE 

(V X I INPUT (V B ) 



OPEN-COLLECTOR 
COMPARATOR OUT 
(COMP) 


NEGATIVE RAMP POLARITY \ OFFSET RAMP 

UNKNOWN (RU-) DET/P0S. CORRECT REFERENCE 

RAMP UNKNOWN <00 (HR) 

(PD/RU+) 


Dual-In-Line Package 



UNKNOWN 
POL QET/POS ® 
RAMP UNKNOWN 

OFFSET J_ 
CORRECT 
RAMPj 
REFERENCE 
DIGITAL 



Order Number LF13300D 
See NS Package D18A 
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Absolute Maximum Ratings 






Supply Voltage 

±18V 






Power Dissipation, (Note 1) 

' 570 mW 






Junction Temperature 

110°C 






Storage Temperature Range 

-65° C to +150°C 






Operating Temperature Range 

0°C to +70° C 






Lead Temperature (Soldering, 10 seconds) 300°C 













Electrical Characteristics (vs = ±i5v, ta = 25 °c, unless otherwise noted) 




PARAMETER 

CONDITIONS 

TEST 

LF 13300 

UNITS 

CIRCUIT 


TYP 

MAX 

Analog Input Current, l||\j 

< 

X 

II 

o 

1,2 


80 

500 

PA 


Tmin<t a <Tmax 




5 

nA 

Analog Input Voltage Range 

Vx Adjusted until |l ||\|| > 10 nA 

1, 2 



±11 

V 

Analog Input Resistance 

o 

ii 

X 

> 

1,2 


10,000 



Reference Input Currents, Ir 

Vr = 10V 



1 

100 

nA 


Tmin<Ta<Tmax 

3 



10 

/iA 

Reference Input Voltage Range 

Vr Adjusted until |l r| > 10 juA 

3 

0 


11 

V 

Reference Input Resistance 

Vr = 10V 

3 


1000 


m n 

Offset Correction Voltage, — Vr 


4 


-12 


V 

Offset Correction 


5 


20 

2000 

PA 

Input Current, loc 


5 



20 

nA 

Op Amp Slew Rate 


6 


10 


V/jus 

Op Amp Bandwidth 


7 


3 


MHz 

Buffer Slew Rate 


9 


25 


V/jus 

Comparator Response Time 

200 juV Input Stop, 100/iV 

Overdrive 

11 


2.5 


/iS 

Comparator Output Saturation 

V C C=5V, R L = 2k, 

11 


0.25 

0.4 

V 

Voltage 

Tmin<t a <t M ax 






Logic "1" Input Voltage 

All Switching Input Pins 5, 6, 

7, 8, T M IN<Ta<TmaX 


2.0 


5.0 

V 

Logic "0" Input Voltage 

All Switching Input Pins 5, 6, 

7, 8, TMIN< T A<TMAX 


-2.0 


0.8 

V 

Logic Input Current 

All Switching Input Pins 5, 6, 

7, 8, 0<V L <5V, Tmin< 

ta<t M ax 



15 

50 

/iA 

Power Supply Voltage Range ±V$ 

Vr < V + — 3V, V||\j = 0V 


±4.75 


±18 

V 





3.0 


mA 





-5.5 


mA 


Tmin<Ta<Tmax 




±11 

mA 

Note 1: For operating at elevated temperatures, the LF13300 in the dual-in-line 

package must be derated based on the thermal resistance of 

1 00° C/W junction to ambient. 




• 
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LF13300 


Typical Performance Characteristics 


Integrator Capacitance, 

C vs fcLK f° r Different 
Integrator Resistances, R ' 



Integration Time Constant 
(RC) vs fcLK f° r Different 
Reference Voltages, Vr 



»CLK(kH2) 


fCLKW 


Analog Input Bias Current, I|n, 
Vx = OV, vs Temperature 



-50 -25 0 25 50 75 100 125 

T A - AMBIENT TEMPERATURE (°C) 


Offset Correction Bias Current, 
lOL* vs Temperature 



Logic Input Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 

T A - AMBIENT TEMPERATURE (°C) 


Reference Input Bias Current, 
•r, vs Temperature 



Logic Input Threshold Voltage 
vs Temperature 



-50 -25 0 25 50 75 100 125 


T a - AMBIENT TEMPERATURE (°JC) 


Comparator Saturation Voltage 



T a - AMBIENT TEMPERATURE (°C) 


Power Supply Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 

T/v - AMBIENT TEMPERATURE (°C) 


Functional Description 

The LF 13300 goes through the following 5 states 
during normal cycle: 1) Offset Correction; 2) Polarity 
Determination; 3) Initialization; 4) Ramp Unknown; 
5) Ramp Reference 

Offset Correction Description (Figure 1) 

The Offset Correction scheme will drive the input of 
the comparator to its switching threshold when the 
analog input is zero and the timing components, RC, 
are bypassed. 

The Offset Correction input (OC) is driven high, closing 
switches S4— S9. 


The offset voltages are assigned as follows: Vosi — the 
input offset voltage of the buffer; VoS2 — the input 
offset voltage of A1 ; VoS3 — the input offset voltage of 
A2; VoS4 — the input offset voltage of the comparator. 

S5 grounds the input of the buffer so that its output 
voltage is simply Vosi- S6 bypasses R to keep the 
integration time constant, RC, from affecting the 
circuit operation. S4 makes the total equivalent input 
voltage to A1 be — Vosi — VoS2* ^ puts the op amp 
in a unity gain configuration with respect to the input 
of A2. S8 keeps the output voltage of the op amp at 
— Vg + VoS4 = — Vr' (the Offset Correction potential) 
since the comparator is placed inside the loop. C3 
samples the output of the — Vb generator. The voltage 
at the non-inverting input of A2 is — Vb — Vosi — 
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Functional Description (Continued) 

VOS2 — VOS 3 + VoS4 -VI. Thus, the sum of the 
offsets is stored on Cl, and the differential voltage 
across the comparator is zero. 

Polarity Determination (Figure 2) 

The simplified diagram of the LF13300 in the Polarity 
Determination state is shown in Figure 2. S5 and S3 are 
closed during this period. S5 grounds the buffer input 
and Vx (the unknown voltage) is applied through S3 to 
the non-inverting input of A1. The equation that des- 
cribes the op amp output voltage is given in Figure 2. 
When Vx is applied to A1 at t-j, the output of the op 
amp slews to Vx and is integrated until t2, when S3 
opens and S4 closes. At t2, VouT slews down by — Vx 

1 ft2 

leaving — I Vxdt — Vg' at the op amp output. 

RC J t 2 

Just before t2, the comparator senses the op amp output 
with respect to — Vr; the comparator output goes high 
if Vx > 0 and remains low if Vx < 0. 

Initialization (Figure 1) 

During initialization, the configuration is the same way 
as it is in the Offset Correction state and the op amp 
output is brought back to the Offset Correction poten- 
tial — Vb'. 

Ramp Unknown (Figures 2 and 3) 

In the Ramp Unknown state, if Vx > 0, S3 and S5 are 
closed, as shown in Figure 2, and Vx is applied to the 


+ input of the integrator. If Vx < 0, the device is 
connected as in Figure 3 with S2 and S4 closed. Vx is 
now applied through the buffer to the — input of the 
integrator. In either Ramp Unknown case, the op amp 
output ramps in the positive direction and Vx is applied 
to a high impedance JFET input. 

Ramp Reference (Figure 4) 

In this state, the LF13300 is configured with switches 
SI and S4 closed. The reference voltage, Vr, a positive 
voltage, is applied to the buffer input and the op amp 
output ramps down until VouT = — Vb' where the 
comparator will trip. 

If Vx and Vr are assumed to be constant over their 
respective integration periods, the integrals of Figure 4 
are reduced to, 

VX (t4 — t3> Vr (t5-t4) 


VX = *5-t4 
VR t4-t3 

Since t 4— 13 = 4096 clock periods and t 5— 14 can be 
measured in clock periods, Vx/Yr = X/2^2 f where X is 
a digital binary output representing an analog input 
Vx with respect to Vr. 


BUFOUT R OP AMP IN 


115 J14 


OP AM P OUT 

|-V B '=-V B + V 0 S4 



I V2 = -V B + V 0 54 


VI = -V B - V 0S1 - V 0S2 - V 0 S3 + V 0S4 


S4 S5 S6 S7 S8 S9 


T‘ T 7 


18 111 T 12 [10 

Jcoczfz 

C 0C2 I C 0C3 


TTTrTTT 

V S -V S RU- P0/RU+ 0C RR 


k. 8 |9 


FIGURE 1. Offset Correction Circuit 
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Functional Description (Continued) 


1 ru 

- V B' + V X+ — j, 3 


i n 4 

^/«3 VXd,: 

i n 2 

Vxd,: 


Ramp Unknown for Vx > 0 


— Vg' + Vx + / Vx dt: Polarity Determination 


BUFOUT R OP AMP IN 


OP AMP OUT 

I Vqut 



18 





Functional Description (Continued) 


VoUT* = ~ V B' + 


1 

RC 


(/ 


*4 

t3 


V X dt- 




Where 6 is the incremental voltage overdrive needed to fully switch the comparator 
and A is the sum of the additional time required to develop 6 and the comparator 
propagation delay. 

FIGURE 4. Ramp Reference Circuit 


12-Bit A/D Converter Electrical Characteristics 


12-bit plus sign. (LF13300 with ADB1200 (MM5863I). (Vr = 10.000V, F c = 250 kHz, 0°C<T A <+70°C unless otherwise noted.) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Resolution (Note 3) 

Vr = 5.000V, -10V< Vx<+10V 

13 



Bits 


F c = 125 kHz, T A =25°C 

14 



Bits 

Non-Linearity 



±1/8 

±1/2 

LSB 

Ratiometric Gain Error (Def.) 

Vx = ±10.000V, T A = 25°C, (Note 2) 


±1/2 

±2 

LSB 

Gain Error Drift 

V X = 10.000V 


±1 


ppm/°C 

Zero Reading Drift 

< 

X 

ii 

o 

< 


±0.5 


ppm/°C 

Analog Input Voltage Range 


±11 

±12 


V 

Analog Input Leakage Current 

Vx = ov, Ta = 25° C 


80 

500 

pA 

Analog Input Resistance 

Vx = ov, Ta = 25° C 

100 

1000 


M£2 

Reference Input Voltage Range 

Vr Varied, T A = 25°C 

4 


12 

V 

Reference Input Leakage Current 

Vr = 10.000V, T A = 25°C 


1 

100 

nA 

Reference Input Resistance 

Vr = 1 0.000 V,T A = 25°C 

100 

1000 


M£2 

Start Conversion Pulse Width 

V S C = 2.4V 

2.4 



MS 

Conversion Time 

V | |\j = 10.000V 
t c = 8960/F C 



36 

ms 

15V Supply Currents 

LF 13300, V + Current 



11 

mA 

— 15V Supply Currents 

LF 13300, V“ Current, ADB1200 
(MM5863), V G G Current 


27 

45 

mA 

5V Supply Currents 

V|N = 0V, ADB1200 (MM5863), 

Vss Current 


23 

39 

mA 


Note 2: The A/D converter system must have been operational for a minimum of 30 seconds before this measurement is made. This is to relax the 
dielectric absorption effects of the integration capacitor, C. 

Note 3: Polarity and Overrange outputs are considered as additional output bits. 
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Application Hints 

Increasing the Input Impedance of the LF13300, 
MM5863 12-Bit A/D Converter 

The input impedance of the LF 13300, ADB1200 
(MM5863) A/D converter can be increased 1 to 2 orders 
of magnitude over the typical 1000 M12 cited in the 
12-bit A/D specifications by insuring that the signals 
that switch the LF 13300 do not overlap. A circuit that 
eliminates switching overlap by introducing a Delay 
(t<j) « 3.3k x 100 pF « 300 ns to the rising edge of the 
signals from the ADB1200 (MM5863) is shown in 
Figure 6. Figure 7 shows the operation of this circuit. 
The total delay time t r ' of the output will be equal to 
the inherent gate rise time, t r , plus the RC delay, td- 
The fall time, tf will be the basic gate delay. 

Nulling the Residual Offset 

The residual offset is < 200 /zV which is negligible for 
most applications. This can be reduced to < 40 /zV by 
lowering the clock frequency from 250 kHz to about 
75 kHz. If a - lower residual offset is required, we may 
trim out the remainder as shown in Figure 8. This 
circuit applies a negative step to the offset correction 
capacitor, CqC 2* by means of a variable capacitor which 
is adjusted until charge injection imbalance of the offset 
correction switches are cancelled. 


FROM 

ADB1200 

(MM5863) 


T 3.3k 

mav- 


[~MM74C0a”J 

id )-+-»" 
i i 


T 3.3k 

M/W- 


± I 


O-K- 

I I 
I _ I 




T 3.3k 

M/W 


dr 


i i 

iCh-° 

i i 


FIGURE 6. Overlap Elimination Circuit 



FIGURE 8. Residual Offset Nulling Circuit 


Eliminating Errors Due to Power Supply Noise 

For many applications, power supply noise (f > 10 Hz) 
causes errors which reduces the accuracy of the system. 
In most applications, noise can be adequately eliminated 
by putting a series resistor (10012) in the power supply 
line with a 10 /zF tantalum capacitor connected at the 
power supply pins (Figure 9). The 10 /uF capacitor is, 
in addition to the normal 0.1 /iF ceramic disc capacitors, 
used as supply bypass capacitors. 

Errors caused by noise on the negative supply, —Vs, 
can be further reduced by replacing, CoC3 w ‘ t ^ a 
10 /iF low leakage tantalum capacitor. Since — Vb is 
3V above -V$, any noise appearing at — V$ appears at 
— Vb; the 10 /iF capacitor eliminates this noise. 

Continuous Conversion Mode 

For using the MM5863 in the continuous conversion 
mode, connect the end of conversion output, EOC 
(pin 23), to the output enable input, OE (pin 3), and 
connect the start conversion input, SC (pin 2) to 5V. 

Miscellaneous 

Since none of the output pins employ short-circuit 
protection, extreme care should be taken when bread- 
boarding or troubleshooting with the power ON. 

* Lyk 




FIGURE 9. Power Supply Noise Reduction Circuit 
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Typical Applications 



*SC at logic "1" for continuous conversion mode 



v 0UT 

OP AMP 
OUTPUT 

-v B 

COMPARATOR 

5vT 

OUTPUT 

oJ 

END OF 

5vT| 

CONVERSION 

ov“ 

SERIAL CLOCK 

5V| 

INPUT 


ov *- 

SERIAL OUT 

5vl 


ov 1 


Lor 




FIGURE 10. Continuous Conversion 12-Bit Plus Sign Serial Output A/D Using the LF13300 and the MM5863 




Typical Applications (Continued) 




* Note. Prior to the first^conversion cycle, the data outputs will all be in a "1" state when the 
outputs are enabled (OE in “0” state). 

FIGURE 11. 12-Bit Plus Sign A/D in Command Conversion Mode 


4-Channel Differential Multiplexer with Autozeroed 
Instrumentation Amplifier and 12-Bit A/D Converter 

Figure 12 shows a low speed, high accuracy, data acqui- 
sition unit where the analog input signal is acquired 
differentially and preconditioned through an LF352 
monolithic instrumentation amplifier. To eliminate 
amplifier offset errors, autozeroing circuitry is added 
around the LF352 and is timed through the ADB1200 
and flip-flop C. Flip-flops A and B form a 2-bit up 
counter for channel select. 

The instrumentation amplifier is zeroed at power-up and 
after each conversion as shown in the timing diagram; 


during autozero the multiplexer is disabled. When the 
system does polarity detection and A/D conver- 
sion, the LF352 is active and the multiplexer is enabled. 
The zeroing cycle for the LF 13300 and the LF352 
lasts for 256 clock periods, so the maximum clock 
frequency will depend upon the required accuracy and 
the minimum zeroing time of the instrumentation 
amplifier. Notice here that the system accuracy will be 
less than 12 bits since it will be affected by the gain 
linearity of the instrumentation amplifier. 

For more details concerning data acquisition, see AN-1 56 
and LF1 1508/LF1 1509 data sheet. For details on the 
instrumentation amplifier, see the LF352 data sheet. 
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Typical Applications (Continued) 



Note 4: Inductive components U4X003 or Microtran PC6714. 

FIGURE 19. 3 3/4 Plus (±8191 Counts) and 3 1/2-Digit DPM Schematic Diagram 
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Typical Applications (Continued) 

3 3/4 Plus Digit (±8191 Counts)/3 1/2-Digit (±1999 
Counts) DPM 

In this circuit of Figure 19, the LF 13300 and ADB1200 
interact as previously described. The CMOS counter 
(MM74C926, MM74C928) is connected to count clock 
pulses during the ramp reference cycle. The counts are 
latched into the display when the comparator output 
trips, (goes low), as shown in the timing diagram 
Figure 20. 

The RC network consisting of R1 and Cl is a low pass 
filter that prohibits the fast transients that occur on the 
comparator output during Offset Correction from 
loading any erroneous counts into the counter. 


The DPM is able to operate from a single 15V power 
supply with the aid of a dc-dc converter. The LM555 
generates the negative voltages required ,in the circuit 
and also doubles as the clock. The combination of 
Q1, R2, R3 and R4 forms a level shift to convert the 
output swing of the LM555 to a 0V— 5V swing that is 
compatible with the logic. The LM340— 5 drops the 
incoming 15V to 5V for use by the logic circuits and 
the LED display. 

This circuit can be a 3 3/4 plus digit DPM if the 
MM74C926 is used or a 3 1/2-digit DPM if the 
MM74C928 is used. These counters are pin compatible 
and physically interchangeable. 


RAMP UNKNOWN FOR V (N > 0 


OP AMP OUTPUT 
PIN 13 (LF13300) 



COMP OUTPUT 
PIN 3 (LF13300) 


1 


RR 
PIN 8 
(LF13300) 



(Ol)EOC fl ' I 

PINS 3, 23 (MM58S3) » » I 

~ T 

inniuir 


| DISPLAYS NO. OF CLOCK PULSES | f 

J COUNTED WHEN CLOCK WAS •— J 
ENABLED 

FIGURE 20. Timing Diagram for 3 3/4-Digit DVM 


3 3/4-Digit DPM Electrical Characteristics 

3 3/4 plus digits plus sign (±8191 counts) DPM system characteristics. 

(Circuit as in Figure 18, Vs = ±15V, Vr = 4.096V, Ta = 25°C, unless otherwise noted). • 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Resolution 

-8.2V<Vx<+8.2V 

16,382 




Nonlinearity 

V| N = 4.000V 


±1/8 

±1/2 


Ratiometric Gain Error 

V| N = 4.000V 


±1/2 

±2 

Counts 

Gain Error Drift 

V||\| = 4.000V, 0°C < Ta < +70°C 


±1 . 


ppm/°C 

Zero Reading Drift 

V|N = 0V 


±1 


ppm/°C 

Analog Input Voltage Range 




V ±11 

V 

Reference Input Voltage Range 

Reference Varied r 

0 


+12 

V 

/Analog Input Leakage Current 

< 

2 

II 

O 

< 


80 

500 

pA 

Reference Input Leakage Current 

1 


1 

100 

nA 

Analog Input Resistance 

V|N = 0V 


1000 


MI2 

Conversion Time 

V|(s| = 4.000V, fc= 125 kHz 



74 

ms 


LATCH ENABLE 
PIN 5 (MM74C926) 


RESET , _ 
PIN 13 


CLOCK . 
PIN 12 
(MM74C926) 
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L FI 3300 


AC Test Circuits (Continued) 


Test Circuit 10 
Buffer Voltage Gain Test 



Test Circuit 11 

Comparator Response Time Test 



Vin 


100 mV ■ r- 
-100 mV — LJ 
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Typical Applications (Continued) 
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National 


Semiconductor 


A to D, D to A 


LM131A/LM131, LM231A/LM231, LM331A/LM331 
Precision Voltage-to- Frequency Converters 


General Description 

The LM131/LM231/LM331 family of voltage-to- 
frequency converters are ideally suited for use in simple 
low-cost circuits for analog-to-digital conversion, 
precision frequency-to-voltage conversion, long-term 
integration, linear frequency modulation dr demodu- 
lation, and many other functions. The output when used 
as a voltage-to-frequency converter is a pulse train at a 
frequency precisely proportional to the applied input 
voltage. Thus, it provides all the inherent advantages of 
the voltage-to-frequency conversion techniques, and is 
easy to apply in all standard voltage-to-frequency 
converter applications. Further, the LM131A/LM231 A/ 
LM331A attains a new high level of accuracy versus 
temperature which could only be attained with 
expensive voltage-to-frequency modules. Additionally 
the LM131 is ideally suited for use in digital systems at 
low power supply voltages and can provide low-cost 
analog-to-digital conversion in microprocessor-controlled 
systems. And, the frequency from a battery powered 
voltage-to-frequency converter can be easily channeled 
through a simple photoisolator to provide isolation 
against high common mode levels. 

The LM131/LM231/LM331 utilizes a new temperature- 
compensated band-gap reference circuit, to provide 
excellent accuracy over the full operating temperature 
range, at power supplies as low as 4.0 V. The precision 
timer circuit has low bias currents without degrading 


the quick response necessary for 100 kHz voltage-to- 
frequency conversion. And the output is capable of 
driving 3 TTL loads, or a high voltage output up to 
40V, yet is short-circuit-proof against Vcc- 

Features 

■ Guaranteed linearity 0.01% max 

■ Improved performance in existing voltage-to-frequency 
conversion applications 

■ Split or single supply operation 

■ Operates on single 5V supply 

■ Pulse output compatible with all logic forms 

■ Excellent temperature stability, ±50 ppm/°C max 

■ Low power dissipation, 15 mW typical at 5V 

■ Wide dynamic range, lOOdB min at 10kHz full scale 
frequency 

■ Wide range of full scale frequency, 1 Hz to 100 kHz 

■ Low cost 



*Use stable components with low temperature coefficients. See Typical Applications section. 

FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter 
with ±0.03% Typical Linearity (f = 10 Hz to 11 kHz) 
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Absolute Maximum Ratings 



LM131 A/LM131 

LIVI231 A/LM231 

LM331A/LM331 

Supply Voltage 

40V 

40V 

40V 

Output Short Circuit to Ground 

Continuous 

Continuous 

Continuous 

Output Short Circuit to Vcc 

Continuous 

Continuous 

Continuous 

Input Voltage 

-0.2 V to +Vs 

-0.2 V to +Vs 

-0.2 V to +Vs 


t min t max 

Tmin t max 

t min t max 

Operating Ambient Temperature Range 

Power Dissipation (Pq at 25°C) 

-55°C to +1 25°C 

-25°C to +85° C 

0°C to +70° C 

and Thermal Resistance (0jA) 




(H Package) Pq 

670 mW 

570 mW 

570 mW 

0jA 

1 50°C/W 

1 50°C/W 

150°C/W 

(N Package) Pq 


500 mW 

500 mW 

Q\a 


1 55°C/W 

155°C/W 


Electrical Characteristics t a = 25°C unless otherwise specified. (Note 1) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VFC Non-Linearity (Note 2) 

4.5V < Vs< 20V 


±0.003 

±0.01 

% Full- 






Scale 


Tmin <Ta< tmax 


±0.006 

±0.02 

% Full- 






Scale 

In Circuit of Figure 1 

V S = 15V, f = 10 Hz to 11 kHz 


±0.024 

±0.14 

% Full- 






Scale 

Conversion Accuracy Scale Factor 

V|N = -10V, Rs= 14 kf2 





(Gain) 






LM131 , LM131 A, LM231, LM231A 


0.95 

1.00 

1.05 

kHz/V 

LM331, LM331A 


0.90 

1.00 

1.10 

kHz/V 

Temperature Stability of Gain 

Tmin < T A < tmax. 4.5 v < v s < 20 V 





LM131/LM231/LM331 


\ 

±30 

±150 

ppm/°C 

LM131A/LM231 A/LM331 A 



±20 

±50 

ppm/° C 

Change of Gain with Vs 

4.5V < Vs < 10V 


0.01 

0.1 

%/V 


10V < Vs < 40V 


0.006 

0.06 

%/V 

Rated Full-Scale Frequency 

V|N = -S-10V 

10.0 



kHz 

Overrange (Beyond Full-Scale) 

V|N = -11V 

10 



% 

Frequency 







INPUT COMPARATOR 


Offset Voltage 

LM131/LM231/LM331 

LM131A/LM231A/LM331A 

Bias Current 

Offset Current 

Common-Mode Range 

Tmin <Ta<Tmax 
tmin <t a < tmax 

tmin <t a < tmax 

-0.2 

±3 

±4 

±3 

-80 

±8 

±10 

±14 

±10 

-300 

±100 

VcC-2-0 

mV 

mV 

mV 

nA 

nA 

V 

TIMER 






Timer Threshold Voltage, Pin 5 

Input Bias Current, Pin 5 

V S = 15V 

0.63 

0.667 . 

0.70 

xV S 

All Devices 

0V< Vp| N 5 < 9.9V 


±10 

±100 

nA 

LM131/LM231/LM331 

VpiN 5 = 10V 


200 

1000 

nA 

LM131A/LM231 A/LM331A 

Vp|N 5 = 10V 


200 

500 

nA 

VSAT PIN 5 (Reset) 

1 = 5 mA 


0.22 

0.5 

V 
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Electrical Characteristics (Continued) T/\ = 25°C unless otherwise specified (Note 1) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

CURRENT SOURCE (Pin 1) | 

Output Current 

RS = 14 kf2, Vp||\| i = 0 





LM131. LM131A. LM231, LM231A 


126 

135 

144 . 

HA 

LM331, LM331A 


116 

136 

156 

MA 

Change with Voltage 

0V<Vp|N i < 10V 


0.2 

1.0 

MA 

Current Source OFF Leakage 






LM131 , LM131A 



0.01 

1.0 

nA 

LM231, LM231A, LM331, LM331A 



0.02 

10.0 

nA 

All Devices 

t a = Tmax 


2.0 

50.0 

nA 

Operating Range of Current (Typical) 



(10 to 500) 


MA 

REFERENCE VOLTAGE (Pin 2) | 

LM131, LM131A, LM231, LM231A 


1.76 

1.89 

2.02 

VDC 

LM331, LM331A 


1.70 

1.89 

2.08 

vdc 

Stability vs Temperature 



±60 


ppm/°C 

Stability vs Time, 1000 Hours 



±0.1 


% 

LOGIC OUTPUT (Pin 3) j 

VSAT 

1 = 5 mA 


0.15 

0.50 

V 


1 = 3.2 mA (2 TTL Loads), T|\/]|N < Ta < Tmax 


0..10 

0.40 

V 

OFF Leakage 



±0.05 

1.0 

juA 

SUPPLY CURRENT | 

LM131, LM131A, LM231, 

V S = 5V 

2.0 

3.0 

4.0 

mA 

LM231A 

Vs = 40V 

2.5 

4.0 

6.0 

mA 

LM331, LM331A 

V S =5V 

1.5 

3.0 

6.0 

. mA 


Vs = 40V 

2.0 

4.0 

8.0 

mA 


Note 1 : All specifications apply in the circuit of Figure 3, with 4.0V < Vs < 40V, unless otherwise noted. 

Note 2: Nonlinearity is defined as the deviation of foUT from V IN x (10 kHz/-10 Vdc) when the circuit has been trimmed for zero error at 
10 Hz and at 10 kHz, over the frequency range 1 Hz to 1 1 kHz. For the timing capacitor, Cj, use NPO ceramic. Teflon*, or polystyrene. 


Functional Block Diagrams 
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Typical Performance Characteristics 

(All electrical characteristics apply for the circuit of Figure 3, unless otherwise noted.) 


Nonlinearity Error, LM131 
Family, as Precision V-to-F 
Converter (Figure 3) 



Nonlinearity Error, LM131 



0.0001 0.001 0.01 0.1 1 10 100 


FREQUENCY, kHz 


FREQUENCY, kHz 


Nonlinearity vs Power Supply 
Voltage 



5 10 15 20 25 30 35 40 

POWER SUPPLY VOLTAGE, Vs 


Frequency vs Temperature, 
LM131A 



-55 -25 +25 +75 +125 


VREF v s Temperature, 
LM131A 



-75 -25 +25 +75 +125+150 


Output Frequency vs 
VSUPPLY 



5 10 15 20 25 30 35 40 


TEMPERATURE, °C 


TEMPERATURE, 8 C 


VSUPPLY. V 


100kHz Nonlinearity Error, 
LM131 Family (Figure 4) 


Nonlinearity Error, LM131 

(Figure 1) 



0 20 40 60 80 100 120 

FREQUENCY, kHz 



Input Current (Pins 6, 7) vs 
Temperature 



-75 -25 +25 +75 +125 +150 

TEMPERATURE. °C 


Power Drain vs VSUPPLY 


Output Saturation Voltage vs 
• OUT (Pin 3) 



Nonlinearity Error, Precision 
F-to-V Converter (Figure 6) 
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Typical Applications (Continued) 

PRINCIPLES OF OPERATION OF A SIMPLIFIED 
VOLTAGE-TO-FREQUENCY CONVERTER 

The LM131 is a monolithic circuit designed for accuracy 
and versatile operation when applied as a voltage-to- 
frequency (V-to-F) converter or as a frequency-to- 
voltage (F-to-V) converter. A simplified block diagram 
of the LM131 is shown in Figure 2 and consists of a 
switched current source, input comparator, and 1-shot 
timer. 

The operation of these blocks is best understood by 
going through the operating cycle of the basic V-to-F 
converter, Figure 2, which consists of the simplified 
block diagram of the LM131 and the various resistors 
and capacitors connected to it. 

The voltage comparator compares a positive input 
voltage, VI, at pin 7 to the voltage, V x , at pin 6. If VI is 
greater, the comparator will trigger the 1-shot timer. The 
output of the timer will turn ON both the frequency 
output transistor and the switched current source for a 
period t = 1.1 RfC*. During this period, the current i 
will flow out of the switched current source and provide 
a fixed amount of charge, Q = i x t, into the capacitor, 
Ci_. This will normally charge V x up to a higher level 
than VI. At the end of the timing period, the current 
i will turn OFF, and the timer will reset itself. 

Now there is no current flowing from pin 1, and the 
capacitor Cl will be gradually discharged by Rl until 
V x falls to the level of VI. Then the comparator will 
trigger the timer and start another cycle. 

The current flowing into Cl is exactly lAVE = ■ * 
(1.1 x RtCt) x f, and the current flowing out of Cl is 
exactly V x /Rl = V ||\|/R L- *f V IN doubled, the fre- 
quency will double to maintain this balance. Even a 
simple V-to-F converter can provide a frequency pre- 
cisely proportional to its input voltage over a wide 
range of frequencies. 



FIGURE 2. Simplified Block Diagram of Stand-Alone 
Voltage-to- Frequency Converter Showing LM131 and 
External Components 


DETAIL OF OPERATION, FUNCTIONAL BLOCK 
DIAGRAM ( FIGURE la) 

The block diagram shows a band gap reference which 
provides a stable 1.9 Vpc output. This 1.9 Vqc is well 
regulated over a V s range of 3.9V to 40V. It also has a 
flat, low temperature coefficient, and typically changes 
less than 1/2% over a 100°C temperature change. - 

The current pump circuit forces the voltage at pin 2 to 
be at.-t1.9V, and causes a current i = 1.90V/R S to flow. 
For R s = 14k, i = 135 p. A. The precision current reflector 
provides a current equal to i to the current switch. The 
current switch switches the current to pin 1 or to 
ground depending on the state of the Rs flip-flop. 

The timing function consists of an Rs flip-flop, and a 
timer comparator connected to the external RtCt 
network. When the input comparator detects a voltage 
at pin 7 higher than pin 6, it sets the R$ flip-flop which 
turns ON the current switch and the output driver 
transistor. When the voltage at pin 5 rises to 2/3 Vcc* 
the timer comparator causes the Rs flip-flop to reset. 
The reset transistor is then turned ON and the current 
switch is turned OFF. 

However, if the input comparator still detects pin 7 
higher than pin 6 when pin 5 crosses 2/3 VcCr the 
flip-flop will not be reset, and the current at pin 1 will 
continue to flow, in its attempt to make the voltage at 
pin 6 higher than pin 7. This condition will usually 
apply under start-up conditions or in the case of an 
overload voltage at signal input. It should be noted that 
during this sort of overload, thg output frequency will 
be 0; as soon as the signal is restored to the working 
range, the output frequency will be resumed. 

The output driver transistor acts to saturate pin 3 with 
an ON resistance of about 50£2. In case of overvoltage, 
the output current is actively limited to less than 50 mA. 

The voltage at pin 2 is regulated at 1.90 Vqc f° r 
values of i between lOjiiA to 500 jliA. It can be used as a 
voltage reference for other components, but care must 
be taken to ensure that current is not taken from it 
which could reduce the accuracy of the converter. 

PRINCIPLES OF OPERATION OF BASIC VOLTAGE- 
TO-FREQUENCY CONVERTER (FIGURE 1) 

The simple stand-alone V-to-F converter shown in 
Figure 1 includes all the basic circuitry of Figure 2 
plus a few components for improved performance. 

A resistor, Rj{\| = 100 kS7 ±10%, has been added in the 
path to pin 7, so that the bias current at pin 7 (—80 nA 
typical) will cancel the effect of the bias current at pin 6 
and help provide minimum frequency offset. 

The resistance R s at pin 2 is made up of a 12 kS2 fixed 
resistor plus a 5 kS7 (cermet, preferably) gain adjust 
rheostat. The function of this adjustment is to trim out 
the gain tolerance of the LM131, and the tolerance of 
Rj, Rl and Ct. For best results, all the components 
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Typical Applications (Continued) 


should be stable low-temperature-coefficient compon- 
ents, such as metal-film resistors. The capacitor should 
have low dielectric absorption; depending on the temper- 
ature characteristics desired, NPO ceramic, polystyrene. 
Teflon* or polypropylene are best suited. 

A capacitor is added from pin 7 to ground to act as a 
filter for Vj(vj. A value of 0.01 /iF to 0.1 ;uF will be 
adequate in most cases; however, in cases where better 
filtering is required, a 1 /iF capacitor can be used. When 
the RC time constants are matched at pin 6 and pin 7, 
a voltage step at V||\| will cause a step change in foUT* 
If C||\j is much less than C|_, a step at V|i\j may cause 
fOUT t0 stop momentarily. 

A 4712 resistor, in series with the 1 ptF Cl, is added to 
give hysteresis effect which helps the input comparator 
provide the excellent linearity (0.03% typical). 

DETAIL OF OPERATION OF PRECISION V-TO-F 
CONVERTER (FIGURE 3) 

In this circuit, integration is performed by using a con- 
ventional operational amplifier and feedback capacitor, 
Cp. When the integrator's output crosses the nominal 
threshold level at pin 6 of the LM131, the timing cycle is 

* Registered trademark of DuPont 


initiated. The average current fed into the op amp's 
summing point (pin 2) is i x (1.1 RtCt) x f which is 
perfectly balanced with — V |N/R I N- this circuit, the 
voltage offset of the LM131 input comparator does not 
affect the offset or accuracy of the V-to-F converter as 
it does in the stand-alone V-to-F converter; nor does the 
LM131 bias current or offset current. Instead, the offset 
voltage and offset current of the operational amplifier 
are the only limits on how small the signal can be 
accurately converted. Since op amps with voltage offset 
well below 1 mV and offset currents well below 2 nA 
are available at low cost, this circuit is recommended for 
best accuracy for small signals. This circuit also responds 
immediately to any change of input signal (which a 
stand-alone circuit does not) so that the output fre- 
quency will be an accurate representation of V||\|, as 
quickly as 2 output pulses' spacing can be measured. 

In the precision mode, excellent linearity is obtained 
because the current source (pin 1) is always at ground 
potential and that voltage does not vary with V ||\j or 
fOUT- the stand-alone V-tq.-F converter, a major 
cause of non-linearity is the output impedance at pin 1 
which causes i to change as a function of V | fsj) . 

The circuit of Figure 4 operates in the same way as 
Figure 3, but with the necessary changes for high speed 
operation. 



“Use stable components with low temperature coefficients. See Typical Applications section. 

**This resistor can be 5kfi or 10 kU for V$ = 8V to 22V, but must be 10 kfi for Vg = 4.5V to 8V. 

** # Use low offset voltage and low offset current op amps for A1 : recommended types LM108, LM308A, LF351B 

FIGURE 3. Standard Test Circuit and Applications Circuit, Precision Voltage-to-Frequency Converter 
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Typical Applications (Continued) 

DETAILS OF OPERATION, FREQUENCY-TO- 
VOLTAGE CONVERTERS (FIGURES 5 AND 6) 

In these applications, a pulse input at f||\j is differen- 
tiated by a C-R network and the negative-going edge at 
pin 6 causes the input comparator to trigger the timer 
circuit. Just as with a V-to-F converter, the average 
current flowing out of pin 1 is I AVERAGE = • x 
(1.1 R t C t ) x f. 

In the simple circuit of Figure 5, this current is filtered 
in the network Rj_ = 100 k£2 and 1 juF. The ripple will 
be less than 10 mV peak, but the response will be slow, 


with a 0.1 second time constant, and settling of 0.7 sec- 
ond to 0.1% accuracy. 

In the precision circuit, an operational amplifier provides a 
buffered output and also acts as a 2-pole filter. The ripple 
will be less than 5 mV peak for ,all frequencies above 
1 kHz, and the response time will be much quicker than 
in Figure 5. However, for input frequencies below 200 Hz, 
this circuit will have worse ripple than Figure 5. The 
engineering of the filter time-constants to get adequate 
response and small enough ripple simply requires a study 
of the compromises to be made. Inherently, V-to-F 
converter response can be fast, but F-to-V response 
can not. 



*Use stable components with low temperature coefficients. 

See Typical Applications section. 

**This resistor can be 5 kfi or 10 kft for Vs = 8 V to 22 V, 
but must be 10 k£2 for Vs = 4.5V to 8 V. 

***Use low offset voltage and low offset current op amps for A1 : 
recommended types LF351B or LF356. 


FIGURE 4. Precision Voltage-to- Frequency Converter, 
"100 kHz Full-Scale, ±0.03% Non-Linearity 


+Vs = +4.5V TO +20V 



+Vs = +15V 



*Use stable components with low temperature coefficients. *Use stable components with low temperature coefficients. 


FIGURE 5. Simple Frequency-to- Voltage Converter, 
10 kHz Full-Scale, ±0.06% Non-Linearity 


FIGURE 6. Precision Frequency -to- Voltage Converter, 
10 kHz Full-Scale with 2-Pole Filter, ±0.01% 
Non-Linearity Maximum 
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Typical Applications (Continued) 


Light Intensity to Frequency Converter 



Temperature to Frequency Converter 


Vs 



Long-Term Digital Integrator Using VFC 

+Vs 



Basic Analog-to-Digital Converter Using 
Voltage-to-Frequency Converter 


+ v$ 
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Typical Applications (Continued) 


Analog-to-Digital Converter with Microprocessor 


+ v s 



Remote Voltage-to-Frequency Converter with 2-Wire Transmitter and Receiver 



Voltage-to-Frequency Converter with Square-Wave Output Using -f 2 Flip-Flop 

+Vs = +4.0Voc TO +15VQC , 



fOUT = W 

SQUARE 

WAVE 


Voltage-to-Frequency Converter with Isolators 


+v s 



TO COMPUTER. 
OR 

TO COUNTER 
OR 

TO F-TO-V 
CONVERTER 
USING LM131 






Typical Applications (Continued) 


Voltage-to-Frequency Converter with Isolators 



Voltage-to-Frequency Converter with Isolators 

+vs 



+Vs 


Voltage-to-Frequency Converter with Isolators 



TO COMPUTER 
OR 

TO COUNTER 
OR 

TO F-TO-V 
CQNVERJER 
USING CM131 . 


Connection Diagrams 


Metal Can Package 


v S 



Dual-ln-Line Package 



v S 


COMPARATOR 

INPUT 


THRESHOLD 


R/C 


Order Number LM131AH, LM131H, LM231AH, 
LM231H, LM331AH or LM331H 
See NS Package H08C 


Order Number LM231AN, LM231N, LM331AN, 
or LM331N 
See NS Package N08B 
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5J1 National 
JtSi Semiconductor 

LM1508/LM1408 8-Bit D/A Converter 

General Description 


A to D, D to A 


The LM1508/LM1408 is an 8-bit monolithic digital-to- 
analog converter (DAC) featuring a full scale output 
current settling time of 150 ns while dissipating only 
33 mW with ±5V supplies. No reference current (Iref) 
trimming is required for most applications since the full 
scale output current is typically ±1 LSB of 255 Iref/ 
256. Relative accuracies of better than ±0.19% assure 
8-bit monotonicity and linearity while zero level output 
current of less than 4 /tA provides 8-bit zero accuracy 
for Iref > 2 mA. The power supply currents of the 
LM1508/LM1408 are independent of bit codes, and 
exhibits essentially constant device characteristics over 
the entire supply voltage range. 

The LM1508/LM1408 will interface directly with pop- 
ular TTL, DTL or CMOS logic levels, and is a direct 
replacement for the MC1508/MC1408. For higher speed 


applications, see DAC0800 data sheet. For more infor- 
mation, see DAC0808 data sheet. 

Features 

■ Relative accuracy: ±0.19% error maximum 

LM 1508-8 and LM 1408-8 

■ Full scale current match: ±1 LSB typ 

■ 7 and 6-bit accuracy available 

■ Fast settling time: 150 ns typ 

■ Noninverting digital inputs are TTL and CMOS 

compatible *■ 

■ High speed multiplying input slew rate: 8 mA/jtis 

■ Power supply voltage range: ±4.5V to ±18V 

■ Low power consumption: 33 mW @ ±5V 


Block and Connection Diagrams 


A1 AZ A3 A4 A5 A6 A7 


R-2R LADDER BIAS CIRCUIT 1—0 GND 


Dual-ln-Line Package 



Typical Application 


DIGITAL I A4 C 

INPUTS 1 A5 C 


i 





Jio_ 

5.000k 

1 10 000V = 






15 

5k 



TtT 

~™ V 3~L _ 

5.000k 

LM1408 

4 „ 



16 

bn 

I- 


/ A1 A2 A8\ 

\lr\~ 10V ( + + ... ) 

0 \ 2 4 256/ 


Ordering Information 


V E | = -15V 

FIGURE 1. ±10V Output Digital to Analog Converter 





ORDER NUMBERS* | 

ACCURACY 

RANGE 

HERMETIC 

HERMETIC 

PLASTIC 


PACKAGE (D16C) 

PACKAGE (J16A) 

PACKAGE (N16A) 

8-Bit 

-55°C<T A <+125°C 

LM1508D-8 

LM1508J-8 


8-Bit 

0°C < T a < +75°C 


LM1408J-8 

LM1408N-8 

7-Bit 

0°C < T a < +75° C 


LM1408J-7 

LM1408N-7 - 

6-Bit 

0°C< T a <+75°C 


LM1408J-6 

LM1408N-6 


Note. Devices may be ordered by using either order number. 
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LM1508/LM1408 


Absolute Maximum Ratings 





Power Supply Voltage 

Power Dissipation (Package Limitation) 


Vcc 

5.5 V DC 

Cavity Package 


1000 mW 

Vee 

-16.5 V DC 

Derate above Ta “ 25° C 


6.7 mW/° C 

Digital Input Voltage, V5— VI 2 -10 V^c to +18 Vqc Operating Temperature Range 



Applied Output Voltage, Vq -1 1 Vqc to +18 Vqc 

LM 1508-8 


-55°C < T A < +125°C 

Reference Current, I 14 

5 mA 

LM 1408-8 Series 

0 < T A < +75° C 

Reference Amplifier Inputs, VI 4, VI 5 

V CC* v ee Storage Temperature Range 

-65° C to +150°C 

Electrical Characteristics 





/ 

! (Vcc = 5V, Vee = -15 Vpc, Vref/R14 = 2 mA, LM1508-8: Ta = 

— 55°C to +1 25°C; LM1408-8, LM1408-7, LM1408-6, 

Ta = 0°C to +75°C, and all digital inputs at high logic level unless otherwise noted.) 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

E r Relative Accuracy (Error Relative 





% 

to Full Scale lo) 






. LM 1508-8 




±0.19 

% 

LM 1408-8 






. LM 1408-7, (Note 1) 




±0.39 

% 

LM 1408-6, (Note 1). 




±0.78 

% 

Settling Time to Within 1/2 LSB 

Ta = 25°C (Note 2) 


150 


ns 

(Includes tpLH) 






tPLH. Propagation Delay Time 

Ta = 25°C 

- 

30 

100 

ns 

tPHL 






TCIo Output Full Scale Current Drift 



±20 


ppm/°C 

MSB Digital Input Logic Levels 






V|H High Level, Logic "1" 


2 



VDC 

V|i_ Low Level, Logic "0” 




0.8 

Vdc 

MSB Digital Input Current 






High Level 

Vm = 5V 


0 

0.040 

mA 

Low Level 

V|l = 0.8V 


-0.003 

- 0.8 

mA 

1 1 5 Reference Input Bias Current 



-1 

-5 

juA 

Output Current Range 







Vee = “5V 

0 

2.0 

2.1 

mA 


Vee = -15V, Ta = 25°C 

0 

2.0 

4.2 

mA 

lO Output Current 

V REF = 2.000V, 






R14 = 1000£2 

1.9 

1.99 

2.1 

mA 

Output Current, All Bits Low 



0 

4 

^A 

Output Voltage Compliance 

E r < 0.19%, T A = 25°C 





Pin 1 Grounded, 




-0.55, +0.4 

vdc 

Vee Below -10V 




-5.0, +0.4 

vdc 

SRI ref Reference Current Slew Rate 



8 


mA/jus 

Output Current Power Supply 

-5V< V E E < -16.5V 


0.05 

27 

juA/V 

Sensitivity 






Power Supply Current (All Bits 






Low) 






'cc 



2.3 

22 

mA 

1 EE 



-4.3 

-13 

mA 

Power Supply Voltage Range 

Ta = 25°C 





vcc 


4.5 

5.0 

5.5 

vdc 

Vee 


-4.5 

-15 

-16.5 

vdc 

Power Dissipation 






All Bits Low 

v C c = 5V, vee = -5v 


33 

170 

mW 


Vcc = 5v, Vee = — 15V 


106 

305 

mW 

All Bits High 

Vcc “ 15V, Vee = -5V 


90 


mW 


Vcc = 15V, v E e = -i5V 


160 


mW 

Note 1: All current switches are tested to guarantee at least 50% of rated current. 





Note 2: All bits switched. 






Note 3: Range control is not required. 

/ 
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National a to d, d to a 

Semiconductor 
MM54C905/MM74C905 12-Bit Successive Approximation 
Register 

General Description 


The MM54C905/MM74C905 CMOS 12-bit successive 
approximation register contains all the digit control and 
storage necessary for successive approximation analog- 
to-digital conversion. Because of the unique capability 
of CMOS to switch to each supply rail without any offset 
voltage, it can also be used in digital systems as the 
control and storage element in repetitive routines. 

Features 

■ Wide supply voltage range , 3.0V to 15V 


■ Guaranteed noise margin 

■ High noise immunity 

■ Low power TTL 
compatibility 


1.0V 

0.45 V cc typ 

fan out of 2 
driving 74L 


■ Provision for register extension or truncation 


■ Operates in START/STOP or continuous conversion 
mode 


■ Drive ladder switches directly. For 10 bits or less 
with 50k/100k R/2R ladder network 


Connection Diagram 

Dual-ln-Line Package 



Order Number MM54C905D or MM74C905D 
See NS Package D24A 


Truth Table 


Order Number MM74C905N 
See NS Package N18A 


TIME 

INPUTS 

OUTPUTS | 

t n 

D 

S 

E 

DO 

Oil 

Q10 

Q9 

08 

Q7 

06 

Q5 

Q4 

Q3 

02 

Q1 

QO 

cc 

0 

X . 

L 

L 

X 

X 

X 

X. 

X 

X 

X. 

X 

X 

X 

X 

X 

X 

X 

1 

Dll 

H 

L . 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

2 

DIO 

H 

. L . 

Dll 

Dll 

L 

H 

H 

H 

H 

H 

. H 

H 

H 

H 

H 

H 

3 

D9 

H 

L 

DIO 

Dll 

DIO 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

4 

D8 

H 

L 

D9 

Dll 

DIO 

D9 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

5 

D7 

H 

L 

D8 

Dll 

DIO 

D9 

D8 

L 

H 

H 

H 

H 

H 

H 

H 

H 

6 

D6 

H 

L 

D7 

Dll 

DIO 

D9 

D8 

D7 

L 

H 

H 

H 

H 

H 

H 

H 

7 

D5 

H 

L 

D6 

Dll 

DIO 

D9 

D8' 

D7 

D6 

L 

H 

H 

H 

H 

H 

H 

8 

D4 

* H 

L 

D5 

Dll 

DIO 

D9 

D8 

D7 

D6 

05 

L 

H 

H 

H 

H 

H 

9 

D3 

H 

L 

D4 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

L 

H 

H 

H 

H 

io- 

D2 

H 

L 

D3 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3 

L 

H 

H 

H 

ii 

D1 

H 

L 

D2 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

L . 

H 

H 

12 

DO 

H 

L 

D1 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

L 

H 

13 

X 

H 

L 

DO 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

L 

14 

X 

X 

L 

X 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

PI 

DO 

L 


X 

X 

H 

X 

H 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


H = High level 
L = Low level 
X = Don’t care 
NC = No change 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3V to V cc +0.3V 


Voltage at Any Pin 
Operating Temperature Range 
MM54C905 
MM74C905 

Storage Temperature Range 

Package Dissipation 

Operating V cc Range 

Absolute Maximum V cc 

Lead Temperature (Soldering, 10 seconds) 


-55 Cto +125 C 
-40°C to +85° C 
-65°C to +150°C 
500 mW 
3.0V to 15V 
16V 
300° C 


DC Electrical Characteristics Min/max limits apply across temperature range, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

CMOS TO CMOS 

Logical "1" Input Voltage (V, N(1) ) 

V cc = 5.0V 

3.5 



• V 


V CC = 10V 

8.0 



V 

Logical “0" Input Voltage (V, N(0) ) 

V cc = 5.0V 



1.5 

- v 


V cc = 10V 



2.0 

V 

Logical "1” Output Voltage (Voy-rc,) 

V cc = 5.0V, l 0 = -TOjuA 

4.5 



V 


• V cc = 10V, l 0 =-10juA 

9.0 



V 

Logical "0” Output Voltage (V OUT ( 0 )) 

V cc = 5.0V, l Q = 10jUA 



0.5 

v . 


V cc = 10V, l 0 = 1 0ff A 



1.0 

V 

Logical "V Input Current (l|N(i>) 

V CC = 15V, V 1N = 15V 


0.005 

1.0 

pA 

Logical "0" Input Current Oin(o)) 

V cc = 15V, V IN =0V 

-1.0 

-0.005 


U A 

Supply Current (l cC ) 

V CC = 15V 


0.05, 

300 

juA 


CMOS/LPTTL INTERFACE 


Logical "1" Input Voltage (V| N(1) ) 



MM54C905 

V cc = 4.5V 

in 

T 

o 

o 

> 

MM74C905 

V cc = 4.75V 

Vcc-15 

Logical "0" tnput Voltage (V 1N<0) ) 
MM54C905 

V cc = 4.5 V 


MM74C905 

y cc = 4.75V 


Logical "1" Output Voltage (Vout^j) 



MM54C905 

V cc = 4.5V, l 0 = -360pA 

2.4 

MM74C905 

Vcc = 4.75V, l Q =-360pA 

2.4 

Logical "0” Output Voltage (V OUT(0) ) 



MM54C905 , 

V cc = 4.5V, l 0 = 360pA 


MM74C905 

V C c = 4.75V, l 0 = 360pA 





V 


V 

0.8 

V 

0.8 

V 


V 


V 

0.4 

V 

0.4 

V 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 





























AC Electrical Characteristics T a = 25°C, C L = 50 pF, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

[ 

TYP 

MAX 

UNITS 

. Propagation Delay Time From Clock 

V cc = 5.0V 


200 

350 

ns 

Input To Outputs (Q0-Q1 1 ) (t pd ( Q )) 

v cc = iov 


80 

150 

ns 

Propagation Delay Time From Clock 

V cc = 5.0V 


180 

325 

ns . 

Input To D 0 (t pd (D 0 )) 

V cc = 10V 


70 

125 

ns 

Propagation Delay Time From Register 

V cc = 5.0V 


190 

350 

ns 

Enable (E) To Output (Q11) (t pd (Ej) 

V cc = 10V 


75 

150 

ns 

Propagation Delay Time From Clock 

V cc = 5.0V 


190 

350 

ns 

To CC (t pd( cc,) 

V CC .r 10V 


75 

0.50 

ns 

Data Input Set-Up Time (t DS ) 

Vcc = 5.0V 

80 



ns 


V cc = 10V 

30 



ns 

Start Input Set-Up Time (t ss ) 

V cc = 5.0V 

80 



ns 


V cc = 10V 

30 


| 

ns 

Minimum Clock Pulse Width (t Pwl _ t PWH ) 

V cc = 5.0V 

250 

125 


ns 


V cc = 10V 

100 

50 


ns 

Maximum Clock Rise and Fall Time (t r ,t f ) 

V cc = 5.0V 



15 

Ms 


V cc = 10V 



5 

Ms 

Maximum Clock Frequency (fjvjAx) 

V cc = 5.0V 

2 

4 


MHz 


V cc = 10V 

5 

10 


MHz 

Clock Input Capacitance (C CLK ) 

Clock Input (Note 2) 


. io 


pF 

Input Capacitance (C, N ) 

Any Other Input (Note 2) 


5 


pF 

Power Dissipation Capacitance (C PD ) 

(Note 3) 


100 


pF 


Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpp determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics 
application note, AN-90. - 


Typical Performance Characteristics 



-55 -35 -15 5 25 45 65 85 105 125 

T a - AMBIENT TEMPERATURE { C) 


• These points are guaranteed by automatic testing. 


RSOURCE vs Temperature 

600 

500 

cr 400 
k 300 

3 

o 

“ 200 
100 
0 

-55 -35 -15 5 25 45 65 85 105 125 

T a - AMBIENT TEMPERATURE ( C> 

# These points are guaranteed by automatic testing. 


I 1 J 

— 






'CC 







0 , 





I 

1 


i 

8 

1 

1 

i 

i 

1 

i 

n 

1 

M 

1 

1 




22 
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USER NOTES FOR A/D CONVERSION 

The register can be used with either current switches 
that require a low voltage level to turn the switch ON or 
current switches that require a high voltage level to turn 
the switch ON. If current switches are used which turn 
ON with a low logic level, the resulting digit output from 
the register is active low. That is, a logic "1" is represented 
as a low voltage level. If current switches are used which 
turn ON with a high logic level, the resulting digit 
output is active high. A logic "1" is represented as a high 
voltage level. 

For a maximum error of ±1/2 LSB, the comparator must 
be biased. If current switches that require a high voltage 
level to turn ON are used, the comparator should be 
biased +1/2 LSB and if the current switches require a 
low logic level to turn ON, then the comparator must be 
biased -?1/2 LSB. 

The register can be used to perform 2's complement 
conversion by offsetting the comparator one half full 


range +1/2 LSB and using the complement of the MSB 
Q1 1 'as the sign bit. 

If the register is truncated and operated in the contin- 
uous conversion mode, a lock-up condition may occur 
on power-ON. This situation can be overcome by making 
the START input the "OR" function of CC and the 
appropriate register output. 

The register, by suitable selection of register ladder 
network, can be used to perform either binary or 
BCD conversion. 

The register outputs can drive the 10 bits or less with 
50k/100k R/2R ladder network directly for V cc = 10V 
or higher. In order to drive the 12-bit 50k/100k ladder 
network and have the ±1/2 LSB resolution, the 
MM54C902/MM74C902 or MM54C904/MM74C904 is 
used as buffers, three buffers for MSB (Q1 1 ), two buffers 
for Q10, and one buffer for Q9. 


Typical Applications 


12-Bit Successive Approximation A-to-D Converter, Operating in Continuous 
Mode, Drives the 50k/100k Ladder Network Directly 


12-Bit Successive Approximation A-to-D Converter 
Operating in Continuous 8-Bit Truncated Mode 




Definition of Terms 

CP: Register dock input. 

CC: Conversion complete -this output remains at 
V 0 ut(1) during a conversion and goes to V O ut(0) when 
conversion is complete. 

D: Serial data input-connected to comparator output in 
A-to-D applications. 

E: Register enable— this input is used to expand the 
length of the register. When E is at V| N(1 ) Q11 is forced 
to V OUT (u_and inhibits conversion. When not used for 
expansion E must be connected to V, N ( 0 ) (GND). 

Q11: True register MSB output. 


Q11: Complement of register MSB output. 

Qi (1 = 0 to 11): Register outputs. 

S: Start input— holding start input at V,^( 0) for at least 
one clock period will initiate a conversion by setting 
MSB (Q11) at V OUT ( 0) and all other output (Q10-Q0) 
at V OUT (i ) • If set-up time requirements are met, a con- 
version may be initiated by holding start input at V, N ( 0 ) 
for less than one clock period. 

DO: Serial data output— D input delayed by one clock 
period. 
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TP3000 


zn National a to d, d to a 

JtSi Semiconductor 

TP3000 CODEC System (TP3001 /*-Law, TP3002 A-Law) 


General Description . 

The TP3001 and TP3002 are Pulse Code Modulation 
(PCM) systems for the digital coding and decoding of 
analog signals in the voice frequency band. The TP3001 
system utilizes fi - law coding of the analog signals while 
the TP3002 is an A-law system. Each system consists of 
2 1C packages. The TP3001 system uses linear part 
LF3700 and CMOS part MM58100. The TP3002 system 
uses the same linear part and a different CMOS part 
(MM58150). Each system samples a filtered (300 Hz < 
f < 3.4 kHz) analog signal at an 8 kHz rate, converts 
this sampled voltage to an 8-bit companded digital code 
0^-law or A-law) and loads this code into a high speed 
serial output buffer. This output buffer will operate at 
any speed between 64 and 2100 kilobits per second. 
Either system will also accept an incoming 8-bit PCM 
word (again, at any speed between 64 and 2100 kilobits 
per second) and will automatically interrupt the encode 
cycle to decode the PCM word and update the CODEC 
output sample and hold. After decoding, the systems 
will automatically return to the encoding cycle. This 
interrupt capability allows either CODEC system to send 
and receive PCM data asynchronously. These systems 
were specifically designed for low cost "per line" or per 
channel CODEC applications. 

These IC's contain all the necessary elements required 
for a complete CODEC system— both the input and out- 
put sample and hold, comparator, stable voltage refer- 
ence, non-linear D/A converter, successive approximation 
logic, control logic and digital input arid output PCM 
buffers. The user must provide an input aliasing filter 
(300 Hz < f < 3.4 kHz) such as the AF 133 or similar 
filter. The AF134, or similar filter, is available for use as 
the output filter (300 Hz < f < 3.4 kHz) which is needed 
to reject sidebands around 8 kHz and provide correction 
for the sinx/x frequency distortion introduced by the 
output sample and hold. 


The TP3001 system also includes 4 pins for the insertion 
and extraction of the signaling bits required for D3 
channel bank operation. 

Features 

■ TP3001 uses the standard jU-255 code 

■ TP3002 uses the standard A-law code 
■. Each 2-chip system includes: 

• Non-linear D/A converter 

• Voltage.reference with excellent long term stability 

• Comparator 

• Successive approximation logic 

• Input digital buffer 

• Output digital buffer 

• Input sample and hold 

• Output sample and hold 

• Auto-zero circuit 

• Control logic 

■ TP3001 system meets or exceeds all relevant D3 
channel bank specifications 

■ Both systems meet or exceed all relevant CCITT 
specifications 

■ Analog input range of ±5V 

■ Analog output range of ±5V 

■ Input and output PCM words can be clocked at 
64 to 2100 kilobits per' second 

:■ Incoming PCM word may be asynchronous 

■ Provision for the insertion and extraction of signaling 
bits in the TP3001 system 

■ Open drain PCM out for TRI-STATE® capability 

Applications 


A special auto-zero circuit insures an extremely low idle 
channel noise and low crosstalk enhancement. During 
the N decode cycle, the non-linear D/A converter is shifted 
1/2 LSB, thereby achieving a typical signal to total 
distortion performance of at least 3 dB better than the 
D3 channel bank specifications. 


■ Use with digital switching systems in telephone 
central office or private branch exchange 

■ Replace 24 or 32-channel shared CODEC in tele- 
phone channel bank 

■ Use to digitize voice and similar analog signals for low 
noise transmission and reception 


Simplified Block Diagram 

LF3700 

i 1 r 


MM58100 OR MM58150 
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Absolute Maximum Ratings 

V + to Gnd 
V - to Gnd 

Voltage at Any Pin Except Digital 
Inputs or Digital Outputs 
Voltage at Any Digital Input or Output 
Operating Temperature Range 
Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 


15V 

-15V 

V + to V" 
-0.3 to +5.5V 
0°C to +70°C 
-65° C to +150°C 
300°C 


Electrical Characteristics 

V + = 12V, V = —12V, Vg£ = -12V (Note 4) over operating temperature range, unless otherwise specified. 


PARAMETER 

Signal-to-Distortion 

TP3001 or TP3002 Either Encoding or 
Decoding 


Gain Tracking Error 

TP3001 or TP3002 Either Encoding or 
Decoding 


Idle Channel Noise 
TP3001 
TP3002 

Single Frequency Distortion 
Reference Voltage 

Temperature Coefficient of Reference Voltage 
Decoder 0 dBmO Output Level 

Intrachannel Crosstalk 
Go-to-Return Crosstalk 

Return-to-Go Crosstalk 


CONDITIONS 

Method 1 : 

A Suitable Noise Signal Applied to the 
Coder Input Between —55 dBmO and 
-3 dBmO (Refer to CCITT Rec. G712, 
Paragraph 9, Method 1), (Figure 4) 
Method 2: 

Measured with C Message Weighting 
Filter, 1020 Hz Input Signal 
0 dBmO to -30 dBmO 
-40 dBmO * 

—45 dBmO 
(Figure 5) 

Method 1: 

Deviation From Gain at —10 dBmO 
A Suitable Noise Signal Applied to 
the Coder Input Between —60 dBmO and 
-10 dBmO (Refer to CCITT Rec. G712, 
Paragraph 1 1 , Method 1, (Figure 4) 


Method 2: 

Deviation From Gain at 0 dBmO 
1020 Hz Input Signal 
3 dBmO to —37 dBmO 
—37 dBmO to —50 dBmO 
(Figure 6) 

Input Terminated with 600£2 
(Figure 7) 

1020 Hz Input Signal at 0 dBmO, (Figure 8) 
(Note 1) 

(Note 1 ) 

Level at Decoder Output Due to a 0 dBmO 
Signal Being Encoded (Figure 9) 

Level at Encoder Output (Measured Via 
Independent Decoder) Due to a 0 dBmO 
Signal Being Decoded (Figure 10) 


MIN 

TYP 

MAX 

UNITS 


2 


dB Above the CCITT 

Limits Shown in 

Figure 1 . 

36 



dB 

30 



dB , 

25 1 

| 



dB 




Within Limits 

Shown in Figure 2 
(Note that Figure 

2 is 1/2 of the 

Limits Set By 

CCITT.) 

-0.25 


+0.25 

dB 

-0.50 


+0.50 

dB 


12 


dBrncO 


-72 


dBmOp 


! 

-40 

dBmO 

5.25 

5.50 

5.75 

V 


±1.5 


mV/° C 

2.58 

2.70 

2.82 

Vrms 


-62 


dBmO 


-70 


dBmO 
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TP3000 


Electrical Characteristics (Continued) 

V + = 12V, V" = -12V, Vee = -12V (Note 4) over operating temperature range, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Interchannel Crosstalk (TP3001 Only) 

Level at Decoder Output When a —80 dBmO 
Signal is Applied to Encoder Input 
(Figure 11) 


-83 


dBmO 

Analog Output Frequency Response 

300 < f < 3.4 kHz 

i 

±0.05 


dB Deviation 

From Theoretical 

sinx/x Response 
(Figure 3) 

Logical "1" Input Voltage 

(Note 5) 

4.0 



V 

Logical "1" Input Current 

Digital V||\j = 5V 



1 

PA 

Logical "0” Input Voltage 




0.8 

V 

Logical "0" Input Current 

Digital V||\| = 0V 



-1 

MA 

Master Clock Frequency, F c 

For Proper Operation: 

Duty Cycle = 50% ±10% 


128 


kHz 

Input and Output PCM Buffer Clocks 

F 0 and Fj = 8 kHz 

64 


2100 

kHz 

(Fbo and F^j) 

^bo. Fbi Duty Cycle = 40-60% 





Propagation Delay Fb 0 to Valid PCM Out 


50 

150 

250 

ns 

PCM Out Pin Capacitance 



4 


PF 

PCM Out Fall Time 

1 k£2 Resistor to Vqd 

100 pF Capacitor to V$S 


50 

150 

ns 

System Power Dissipation 

Fbo. Fbi = 1.544 MHz 


250 

300 

mW 

Shutdown Mode (LF3701 Only) 

Pin 3 at Logic High 


10 

20 

mW 


Note 1: The relationship between the digital coding and the relative audio signal level is fixed as follows: a sine wave of 1 kHz and a nominal 
level of 0 dBmO should be present at the audio output of the decoder when the appropriate character sequence shown below is applied to the 
decoder input. 



TP3001 SYSTEM 


jU-LAW 


0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

1 

1 

1 

0 

1 

0 

0 

1 

1 

1 

1 

0 

1 

0 

0 

0 

1 

0 

1 

1 

1 

0 

0 

0 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

0 



TP3002 SYSTEM 


A-LAW 


0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

0 

1 

0 

1 

1 

0 

1 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

1 

1 

0 

1 

1 

0 

1 

0 

0 



The resulting theoretical load capacity (Tmax) 'S 3.17 dBmO for the TP3001 system (M*law) and 3.14 dBmO for the TP3002 system (A-law). 
Note 2: The PCM transmit filter must be AC coupled to the CODEC and a resistor of 24 kft or lower must be tied between analog in and analog 
ground. CODEC input impedance will then appear as 24 k!2. 

Note 3: PCM OUT and Sj are open drain outputs and will require external pull-up resistors to +6V maximum. 1 kfi for PCM OUT and 10 kf2 for 
Sj are recommended when F^o = F^j = 2.1 MHz. 

Note 4: Special care must be taken to assure that the substrate to ground pn junction is never forward biasedjn cases where the negative power 
must be open circuited, it is recommended that a high current diode (1 amp Schottky) be placed between V~ and ground. It is further recom- 
mended that the power supply turn-on sequence be as follows: V - or ground first, followed by V. Power supply turn-off should reverse the 
procedure. 

Note 5: For TTL or LS compatibility, external pull-up resistors are required between the digital inputs and the TTL or LS logic power supply. 
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System Description (Refer to block diagrams) 

The master clock for the system is F c and must be run at 
128 kHz which divides the 125 /is (1/8 kHz) time-frame 
into 16 time slots. The rising edge of the Output Sync 
(F 0 ) initiates the encoding cycle. The Input Sample 
and Hold Control (IN S/H CNTL) will go high for 19 gs 
thereby causing the input sample and hold to acquire a 
new input analog voltage. This acquired analog voltage is 
presented to a UNITY GAIN BUFFER located on the 
CMOS chip and then forwarded to the positive com- 
parator input on the linear chip. The successive approxi- 
mation will then begin. The SUCCESSIVE APPROXI- 
MATION REGISTER will first load a zero code into the 
NON-LINEAR D/A CONVERTER. The. output of the 
D/A converter goes to a second unity gain buffer and 
then to the negative input of the comparator on the 
linear chip. The comparator will then decide if the 
sampled analog voltage is positive or negative. If the 
analog input voltage is positive, the CONTROL LOGIC 
will pull the polarity control line high, which in turn 
will cause the voltage reference on the linear chip to 
deliver a positive reference voltage to the NON-LINEAR 
D/A CONVERTER. Conversely, if the analog input 
voltage is negative, a negative reference voltage will be 
applied to the NON-LINEAR D/A. The successive 
approximation will turn ON the second bit to the 
NON-LINEAR D/A CONVERTER and a decision is 
made to either leave that bit ON, or turn it OFF. The 
logic will then turn ON the third bit and make a decision 
to leave that bit ON or turn it OFF. In this way, the 
analog input voltage can be converted into the standard 
8-bit ju-law or A-law code in 8 clock cycles. 

At the end of the encode cycle the 8-bit code is loaded 
into the OUTPUT PCM BUFFER. The word is read out 
serially (MSB first) on PCM OUT by the Output Clock 
(Fbo) and the Output Sync (F 0 ). 


The incoming PCM word is read in serially (MSB first) 
on the PCM IN line by the Input Clock ( F^j) and the 
Input Sync (Fj). When the input word has been read in 
and Fj goes low, the system will immediately switch 
over to the decode mode. The current status of the 
successive approximation is temporarily stored while 
the decode word is delivered to the NON-LINEAR D/A 
CONVERTER. During decode, the ladder is shifted the 
required 1/2 LSB to minimize distortion. The CON- 
TROL LOGIC will then raise the Output S/H Control 
line so that the Output Sample and Hold will acquire 
this new output voltage. After 4 clock cycles the circuit 
will return to the encode mode. The analog output of 
the system will therefore be a staircase type output with 
the associated sinx/x frequency distortion, (Figure 3). 


The system incorporates an AUTO-ZERO circuit to 
ensure a low DC offset for the encoding process, and 
very low idle channel noise. The encoded MSB (the sign 
bit) is latched on the MSB OUT pin. This signal then is 
fed to a simple external low pass RC filter (with a time 
constant of about 100 ms to 1 sec) and then to the 
AUTO-ZERO pin on the LF3700. The DC voltage on 
this pin will adjust the offset of the input sample and 
hold to correct for any offset voltage in the encoding 
path. This will also correct for up to ±20 mV DC offset 
voltage present in the analog input signal. This scheme 
simply forces equal numbers of positive and negative 
voltages over the long term. 

There are 4 pins available in the TP3001 system for the 
insertion and extraction of signaling bits. The operation 
of these pins is covered in the timing diagrams. 


System Block Diagrams 


TP3001 System 



Note. Pin 3 of the LF3700 should be connected to analog ground. Pin 3 of the LF3701 is a power down control; logic high (5V) is the power 
down standby mode for the TP3000 systems. 
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TP3000 


System Block Diagrams (Continued) 


TP3002 System 



Note. Pin 3 of the LF3700 should be connected to analog ground. Pin 3 of the LF3701 is a power down control; logic high (5V) is I 
down standby mode for the TP3000 systems. 


Ordering Information 


SYSTEM 

ORDER LINEAR PART: D20A 

AND CMOS PART: D24A 

TP3001 (ju-law) 
TP3002 (A-law) 

LF3700D 

LF3700D 

MM58100D 

MM58150D 


Description of Pin Functions 


CMOS PIN FUNCTIONS: 


CMOS PIN FUNCTIONS: (Continued) 


MM58100 MM58150 
PIN PIN 

NO. NO. 

1 1 


2 F b j 

(INPUT 

PCM 

CLOCK) 


(MM58100 
INPUT SIG- 
NALING 
ENABLE) 


(MM58100 
INPUT SIG- 
NALING 
BIT) 


When this line goes high, the data 
on the PCM IN line is shifted into 
the INPUT PCM BUFFER by F bi 
(INPUT CLOCK). This line must be 
high for 8 clock pulses of F b j. 
When Fj goes low, the incoming 
PCM word is loaded into the NON- 
LINEAR D/A CONVERTER and 
the OUTPUT SAMPLE AND HOLD 
is placed in the acquire mode. Dur- 
ing decode, the D/A converter is 
shifted 1/2 LSB. After the decode 
is complete, the successive approxi- 
mation will resume. 

The leading edges of this clock will 
serially shift the data on the PCM 
IN line into the INPUT PCM BUF- 
FER when the Fj (INPUT SYNC) 
line is high. 

When this line is high, the falling 
edge of Fj (INPUT SYNC) will 
transfer the LSB on the incoming 
PCM word to Sj (INPUT SIGNAL- 
ING BIT). The PCM word is then 
decoded as a 7-bit code. 

When F si (INPUT SIGNALING 
ENABLE) is high, the LSB of the 
incoming PCM word is transferred 
to this line and latched by the fal- 
ling edge of Fj (INPUT SYNC). An 
external pull-up resistor of 10k to 
the digital positive supply is 
required. 


MM58100 MM58150 

PIN PIN NAME 

NO. NO. 

5 4 PCM IN 

6 S 0 
(MM58100 
OUTPUT 
SIGNALING 
BIT) 

7 " F so 

(MM58100 

OUTPUT 

SIGNALING 

ENABLE) 

8 5 F c ' 

(MASTER 

CLOCK) 


6 COMP OUT 


7 MSB OUT 


8 PCM OUT 


9 D GND 

(DIGITAL 

(GND) 


The incoming PCM word is received 
on this line. 

When the F so (OUTPUT SIGNAL- 
ING ENABLE) line is high the LSB 
of the PCM word in the OUTPUT 
BUFFER is replaced by the logic 
state on this line. 

When this line is high and F c (OUT- 
PUT SYNC) is low, the logic level 
on S 0 (OUTPUT SIGNALING BIT) 
is transferred to the LSB of the 
OUTPUT PCM BUFFER. 

This is the principal clock of the 
CODEC system. All CODEC func- 
tions with the exception of Fj 
(INPUT SYNC) and F bi (INPUT 
CLOCK) are synchronized to F c . 
This clock frequency should be 
128 kHz. 

This is the output of the analog 
comparator which is used in the 
successive approximation conver- 
sion. i 

The encoded MSB appears on this 
line for use in the AUTO ZERO 
function. 

The result of the digital encoding is 
available on this line. Aik external 
resistor to the digital positive sup- 
ply is required. 

All digital signals should be refer- 
enced to this line. 
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Description of Pin Functions (Continued) 

CMOS PIN FUNCTIONS: (Continued}' 

MM58100 MM58150 


PIN 

PIN 

NAME 

FUNCTION 

NO. 

NO. 



13 

10 

Fbo (OUT- 

The falling edges of this clock will 



PUT PCM 

serially shift the PCM word in the 



CLOCK) 

PCM OUTPUT BUFFER to the 
PCM OUT line. 

14 

- 

No Connection 

15 

11 

Fo 

When this line goes high, the output 



(OUTPUT 

PCM word can be shifted out by 



SYNC) 

F b0 (OUTPUT CLOCK). This line 
must be high for 8 clock pulses of 
Fbo- When Fq goes high, the follow- 
ing sequence is initiated: the IN- 
PUT SAMPLE AND HOLD first ac- 
quires the ANALOG IN voltage and 
a successive approximation conver- 
sion is made on that voltage using 
the NON-LINEAR D/A CON- 
VERTER and the COMPARATOR. 
The resulting 8-bit PCM word is 
then loaded into the OUTPUT 
PCM BUFFER. 

16 

12 

A GND> 

All analog signals should be refer- 



(ANALOG - 
GROUND) 

enced to this line. 

17 

13 

A GND 

All analog signals should be refer- 



(ANALOG 

GROUND) 

enced to this line. 

18 

14 

vref 

This is the +VreF or the — Vref 
for the NON-LINEAR D/A CON- 
VERTER. 

19 

- 

No Connection - 

20 

15 

POLCNTL 

This is the digital command for 



(POLARITY 

CONTROL) 

+VreF °r -V ref- 

21 

16 

OUT S/H 

This is' the digital command for the 



CNTL (OUT- 

OUTPUT SAMPLE AND HOLD to 



PUT SAMPLE 
AND HOLD 
CONTROL) 

acquire a new voltage. 

22 

17 

+COMP IN 

This is the output of the buffer 



(NON-IN- 

amplifier for the input sample and 



VERTING 

hold. This is connected to the 



COMPAR- 

ATOR 

INPUT) 

+COMP IN pin on the linear chip. 

23 

18 

IN S/H OUT 

This is the input of the buffer 



(OUTPUT OF amplifier for the input sample and 



THE INPUT 

hold. This is connected to the out- 



SAMPLE 

put of the input sample and hold 



AND HOLD) 

on the linear chip. 

24 

19 

D/A OUT 

This is the output voltage of the 
NON-LINEAR D/A CONVERTER. 

25 

20 

vdd 

This is the positive voltage supply 
for the digital chip which is pro- 
vided by the analog chip. 

26 

- 

No Connection 

27 

21 

V EE 

This is the negative supply voltage 
for the digital chip (-12V). 

28 

22 

IN S/H CNTL This is the digital command for the 



(INPUT SAM- 

INPUT SAMPLE AND HOLD to 



PLE AND 

acquire a new voltage. 


HOLD CON- 
TROL) 


LINEAR PIN FUNCTIONS: 


LF3700 

PIN 

NAME 

FUNCTION 

NO. 

1 

+COMP IN 
(NON-INVERT- 
ING COMPAR- 
ATOR INPUT) 

This is tied to the +COMP IN pin on the 
CMOS chip. 

2 

-COMP IN 
(INVERTING 
COMPARATOR 
INPUT) 

This is tied to the D/A OUT pin on the 
CMOS chip and the OUTPUT SAMPLE 
AND HOLD . INPUT pin on the linear 
chip. 

3 

POWER DOWN 

Connect to Analog Gnd — LF3700 
(LF3701 see note System Block Diagram). 

4 

IN S/H CNTL 
(INPUT SAM- 
PLE AND HOLD 
CONTROL) 

This is tied to the IN S/H CNTL pin on 
the CMOS chip. 

5 

COMP OUT 

(COMPARATOR 

OUTPUT) 

This is tied to the COMP OUT pin on the 
CMOS chip. 

6 

POLCNTL 

(POLARITY 

CONTROL) 

This is tied to the POL CNTL pin on the 
CMOS chip. 

7 

vref 

This is tied to Vref on the CMOS chip. 

8 

OUT S/H 

INPUT (INPUT 

This is the analog input to the OUTPUT 
SAMPLE AND HOLD. This should be 


TO OUTPUT 
SAMPLE AND 
HOLD) . 

connected to the D/A OUT pin on the 
CMOS chip and the inverting comparator 
input pin on the linear chip. 

9 

A GND 

(ANALOG 

GROUND) 

All analog signals should be referenced to 
this line. 

10 

OUT S/H CAP 
(OUTPUT SAM- 
PLE AND HOLD 
CAPACITOR) 

A low leakage, 200 pF capacitor should 
be connected from this line to ANALOG 
GROUND. 

11 

A OUT 
(ANALOG 

OUT) 

This is the output of the OUTPUT 
SAMPLE AND HOLD. 

12 

OUT S/H 

•This is tied to the OUT S/H CNTL pin 


CNTL (OUTPUT 

on the CMOS chip. 


SAMPLE AND 
HOLD CONTROL) 


13 

D GND 

(DIGITAL 

GROUND) 

All digital signals should be referenced to 
this line. 

14 

AUTO Z 
(AUTO ZERO) 

This is connected to the MSB OUT line 
of the CMOS chip after an external low 
pass filter. 

15 

A IN 

This is the appropriately filtered analog 


(ANALOG IN) 

input. 

16 

V + 

This is the positive supply voltage for the 
analog chip. 

17 

IN S/H OUT- 
PUT (OUTPUT 

OF INPUT 

SAMPLE AND 
HOLD) 

This is the analog output voltage of the 
INPUT SAMPLE AND HOLD. This is 
tied to the IN S/H OUT pin on the CMOS 
chip. 

18 

IN S/H CAP 
(INPUT SAM- 
PLE AND HOLD 
CAPACITOR) 

A low leakage, 200 pF capacitor should 
be connected from this line to analog 
ground. 

19 

VDD 

This is the positive supply voltage for 
the CMOS chip. This is tied to Vqd on 
the CMOS chip. 

20 

V" 

This is the negative supply for the linear 
chip. 
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Typical Performance Characteristics 



-60. -BO -40 -30 -20 -10 -3 0 


INPUT LEVEL (dBmO) 



-60 -40 -20 0 

INPUT LEVEL (dBmO) 


FIGURE 1. Typical Signal/ 
Total Distortion Ratio as a 
Function of Input Level with 
a White Noise Source 


FIGURE 2. Maximum Gain 
Tracking Error (AGain) as 
a Function of Input Level 
with a White Noise Source 



0 0.3 1 2 3 3.4 4 


FREQUENCY (kHz) 

FIGURE 3. Output sinx/x 
Frequency Response 



The Marconi TF2807A's noise 
output has a probability distri- 
bution of amplitude approxi- 
mating a Gaussian distribu- 
tion which is band limited to 
conform with the latest CCITT 
recommendations. 


Switch position A — Perfect encode; decode TP3000 
Switch position B — Encode TP3000; perfect decode 

FIGURE 4. Test Set-Up for Signal-to-Distortion and Gain Tracking Using a Noise Source 



Switch position A — Perfect encode; decode TP3000 
Switch position B — Encode TP3000; perfect decode 

FIGURE 5. Test Set-Up for Signal-to-Distortion Using a 1020 Hz Signal 

^Perfect encode or decode is /u-law when testing TP3001 and A-law when testing TP3002 
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TP3000 


Test Set-Up Diagrams* (Continued) 


r 





The output at any frequency (except 1020 Hz) should be at least 40 dB down. 
The two frequencies of interest are the second and third harmonics (2040 Hz 
and 3060 Hz). 

Switch position A — Perfect encode; decode TP3000 
Switch position B — Encode TP3000; perfect decode 

FIGURE 8. Test Set-Up for Single Frequency Distortion 



FIGURE 9. Test Set-Up for Go-to- Return Crosstalk 


*Perfect encode or decode is M-law when testing TP3001 and A-law when testing TP3002 
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Test Set-Up Diagrams* (Continued) 


r 


TP30Q0 


"1 



FIGURE 10. Test Set-Up for Return-to-Go Crosstalk 



Switch position A — Perfect encode; decode TP3000 
Switch position B — Encode TP3000; perfect decode 

FIGURE 11. Test Set-Up for Interchannel Crosstalk 


^Perfect encode or decode is ju-law when testing TP3001 and A-law when testing TP3002 
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Timing Diagrams 


SYSTEM TIMING 

F 0 , Fbo an d PCM OUT Relationships 


F 0 (8kHz) 


H 

MULTI-CHANNEL . 1 ! 

OPERATION ' [_| 

1 MIN 100 ns 1 

1 TO DETECT HI TO LOW TRANSITION 

injinjuuuir 

-*•— MIN 100 ns 

| PCM0UT DRAIN \ m *l 2 X 3 X 4 X 5 K 6 X 7 X LSB / 0°RA,N 

F 0 (8kHz) 

SINGLE CHANNEL 

OPERATION « | f 

(F b0 = 64kHz) F bo | | 

1—1 

— MIN 100 ns — - 

uuuuinjijir 

F 0 IN LOGIC "0" SHOULD OVERLAP 
Fbo IN LOGIC "1" FOR A MIN OF 500ns 

l n r 

1 1 LJ 

PCM OUT X LS . )( MSB X 2 X 3 X 4 A 5 X * X 7 X-A— A 

PREVIOUS 

WORD 

-H— CURRENT WORD 1 

4— NEXT WORD 


Fj, Fbi and PCM IN Relationships 


MULTICHANNEL 

OPERATION 


SINGLE CHANNEL 
OPERATION 
(Ffai = 64 kHz) 


Fj (8kHz) 


MIN 100 ns 

' TO DETECT LOW TO HI TRANSITION 


PCM IN 


T-T-rm-m 


Fj (8kHz) 


u 


-MIN 100 ns 


- MIN 500 ns 


inniinjinjinjiTL 
HnnzmznEm : 


-CURRENT WORD- 


NEXT WORD 
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Timing Diagrams (Continued) 

SIGNALING 
(TP3001 Only) 

F s0 , S 0 , F 0 Timing Relationships 



'“UumnniuiruL 



rinjumniiruin- 
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National 

Semiconductor 


A to D, D to A 


LH0091 True RMS to DC Converter 


general description 

The LH0091, rms to dc converter, generates a dc output 
equal to the rms value of any input per the transfer 
function: 


e OUT(DC)= / ^ f J Q E| N 2 (t) dt 


The device provides rms conversion to an accuracy of 
0.1% of reading using the external trim procedure. 
It is possible to trim for maximum accuracy (0.5 mV 
±0.05% typ) for decade ranges i.e., 10 mV -* 100 mV, 
0.7V -> 7V, etc. 


features 

■ Low cost 

■ True rms conversion 

■ 0.5% of reading accuracy untrimmed 

■ 0.05% of reading accuracy with external trim 

■ Minimum component count 

■ Input voltage to ±15V peak for Vs = ±15V 

■ Uncommitted amplifier for filtering, gain, or high 
crest factor configuration 

■ Military or commercial temperature range. 


block and connection diagrams 


Dual-In-Line Package 


'IN ►! V, N 


*- - log ■ 

Order Number 
LH0091D 
LH0091CD 


|—» | 2 log j — » | x » | loc-1 | --» | / 


See Package D16D 



simplified schematic 


Cext 
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absolute maximum ratings 





Supply Voltage 

±22V 





Input Voltage 

±1 5V peak 





Output Short Circuit Duration 

Continuous 





Operating Temperature Range 

TmIN TmaX 





LH0091 

-55°C 125°C 





LH0091C 

-25°C 85° C 





Storage Temperature Range 

4 a 





LH0091 

-65° C to +1 50°C 





LH0091C 

-25°C to +85°C 





Lead Temperature (Soldering, 10 seconds) 300°C 





electrical characteristics 

Vs = ±15V, Ta = 25°C, unless otherwise specified. 




rr 

Transfer Function = Eq(DC) = / — 

f J Q E|N 2 (t) dt 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ACCURACY (See Definition of Terms) 

Total Unadjusted Error 

50 mVrms < Vjjsj < 7Vrms (Figure 1) 


20, ±0.5 

40, ±1.0 

mV, % 

Total Adjusted Error 

50 mVrms < V |fvj < 7Vrms (Figure 3) 


0.5, ±0.05 

1, ±0.2 

mV, % 

Total Unadjusted Error vs Temperature 

-25°C<T A < +70° C 


0.25, ±0.02% 


mV, %/°C 

Total Unadjusted Error vs Supply Voltage 



1 


mV/V 

AC PERFORMANCE | 

Frequency for Specified Adjusted Error 

Input ='7Vrms, Sinewave (Figure 3) 

30 

70 


kHz 


Input = 0.7Vrms, Sinewave (Figure 3) 


40 


kHz 


Input = 0.1 Vrms, Sinewave (Figure 3) 


20 

1 

kHz 

Frequency for 1% Additional Error 

Input = 7 Vrms, Sinewave (Figure 3) 

100 

200 


kHz 


Input = 0.7Vrms, Sinewave (Figure 3) 


75 


kHz 


Input = 0.1 Vrms, Sinewave (Figure 3) 


50 


kHz 

Bandwidth (3 dB) 

Input = 7Vrms, Sinewave (Figure 3) 


2 


MHz 


Input = 0.7 Vrms, Sinewave (Figure 3) 


1.5 


MHz 


Input = 0.1 Vrms, Sinewave (Figure 3) 


0.8 


MHz ' 

Crest Factor 

Rated Adjusted Accuracy Using the High 
Crest Factor Circuit (Figure 5) 

5 

10 



INPUT CHARACTERISTICS | 

Input Voltage Range 

For Rated Performance 

■EQU 


±11 

Vpeak 

Input Impedance 


mm 

5 


kft 

OUTPUT CHARACTERISTICS 

Rated Output Voltage 

R|_>2.5kn 

10 



V 

Output Short Circuit Current 



22 


mA 

Output Impedance 



1 


n 

POWER SUPPLY REQUIREMENTS | 

Operating Range 


±5 


±20 

V 

Quiescent Current 

V S = ±15V 


14 

18 

mA 
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op amp electrical characteristics Vs = ±15V, Ta = 25°C unless otherwise specified 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

RS< 10 kQ 


1.0 

10 

mV 

'os 

Input Offset Current 



4.0 

200 

nA 

'B 

Input Bias Current 



30 

500 

nA 

Rin 

Input Resistance 



2.5 


MQ 

AOL 

fr Large Signal Voltage Gain 

VOUT = ± 10V, Rl> 2 k£2 

15 

160 


V/mV 

Vo 

Output Voltage Swing 

R|_= 10 kH 

±10 

±13 


V 

V| 

Input Voltage Range 


±10 



V 

CMRR 

Common-Mode Rejection Ratio 

RS< 10k£2 


90 


dB 

PSRR 

Supply Voltage Rejection Ratio 

RS< lOkft 


96 


dB 

•sc 

Output Short-Circuit Current 



25 


mA 

, Sr 

Slew Rate (Unity Gain) 



0.5 


V//us 

BW 

Small Signal Bandwidth 



1.0 


MHz 


typical performance characteristics 



10k 100k 1M 

FREQUENCY (Hz) 



Error vs Crest Factor 


100 Ik 

FREQUENCY (Hz) 



CREST FAC. OR 


typical applications (All applications require power supply by-pass capacitors.) 


e 0UT 



CgxT ^ ImF; frequency > 1 kHz 
FIGURE 1. LH0091 Basic Connection (No Trim) 
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LH0091 


typical applications (con'd) 


R3 

10k 



Note. The easy trim procedure is used for ac coupled input 
signals. It involves two trims and can achieve accuracies of 2 mV 
offset ±0.1% reading. t 

Procedure: 

1. Apply 100 mV rms (sine wave) to input, adjust R3 until 
the output reads 100 mVoc- 

2. Apply 5 V rms (sine wave) to input, adjust R4 until the 
output reads 5 Vqq. 

3. Repeat steps 1 and 2 until the desired initial accuracy is 
achieved. 


Trim" (For ac Inputs Only) 


R3 



Note.^This procedure will give accuracies of 0.5 mV offset 

±0.05% reading for inputs from 0.05V peak to 10V peak. 

Procedure: 

1 . Apply 50 mVpQ to the input. Read and record the output. 

2. Apply —50 itiVqc to the input. Use R2 to! adjust for an 
output of the same magnitude as in step 1 . 

3. Apply 50 mV to the input. Use R3 to adjust the output for 
50 mV. 

4. Apply —50 mV to input. Use R2 to adjust the output for 
50 mV. 

5. Apply + 10V alternately to the input. Adjust R1 until the 
output readings for both polarities are equal (not necessary 
that they be exactly 10V). 

6. Apply 10V to the input. Use R4 to adjust for 10V at the 
output. 

7. Repeat this procedure to obtain the desired accuracy. 


FIGURE 3. LH0091 Standard dc Trim Procedure 



Note. The additional op amp in the LH0091 may be used as a 
low pass filter as shown in Figure 4. 


Hhts 

R1 R2 4 

O — WV-*-A/ W J 

T 




C2 R1 = R2 = 16k 
Cl = C2 = 1/uF 
f Q 10 Hz 


FIGURE 4. Output Filter Connection Using the Internal Op Amp 
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typical applications (con'd) 



Note. When converting signals with a crest factor > 2, the 
LH0091 should be connected as shown. Note that this circuit 
utilizes a 20k resistor to drop the input current by a factor of 
five. The frequency response will correspond to a voltage which 
is 1/5 e||\j. 

Note that the extra op amp in the LH0091 may be used to 
build a gain of 5 amplifier to restore the output voltage. 


e IN 



Note. Response time of the dc output voltage is dominated 
by the RC time constant consisting of the total resistance 
between pins 9 and 10 and the external capacitor, Cgx- 


FIGURE 5. High Crest Factor Circuit 


definition of terms 


True rms to dc Converter: A device which converts 
any signal (ac, dc, ac + dc) to the dc equivalent of the 
rms value. 

Error: is the amount by which the actual output differs 
from the theoretical value. Error is defined as a sum of a 
fixed term and a percent of reading term. The fixed 
term remains constant, regardless of input while the 
percent of reading term varies with the input. 

Total Unadjusted Error: The total error of the device 
without any external adjustments. 

Bandwidth: The frequency at which the output dc 
voltage drops to 0.707 of the dc value at low frequency. 


Frequency for Specified Error: The error at low fre- 
quency is governed by the size of the external averaging 
capacitor. At high frequencies, error is dependent on the 
frequency response of the internal circuitry. The fre- 
quency for specified error is the maximum input 
frequency for which the output will be within the 
specified error band (i.e., frequency for 1% error means 
the input frequency must be less than 200 kHz to 
maintain an output with an error of less than 1% of the 
initial reading. 

Crest Factor: is the peak value of a waveform divided 
by the rms value of the same waveform. For high crest 
factor signals, the performance of the LH0091 can be 
improved by using the high crest factor connection. 
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LH0094 


National 
£m Semicon 


am Semiconductor 

LH0094 Multifunction Converter 


A to D, D to A 


General Description 

The LH0094 multifunction converter generates an output 
voltage per the transfer function: 


E 0 = Vy [ — I , 0.1 < m < 10, m continuously 
\ v x/ adjustable 


m is set by 2 resistors. 

Features 

■ Low cost 

■ Versatile 

■ High accuracy-0.05% 

■ Wide supply range— ±5V to ±22V 


■ Minimum component count 

■ Internal matched resistor pair for setting m = 2 and 
m = 0.5 

Applications 

■ Precision divider, multiplier 

■ Square root 

■ Square 

■ T rigonometric function generator 

■ Companding 

■ Linearization 

■ Control systems 

■ Log amp 


Block and Connection Diagrams 


Dual-ln-Line Package 

\ 2 - V + V B V x A1- GND , V A V z 

1 1 6 1 1 5 1 1 4 1 1 3 1 12 111 |l0 L 



Order Number 
LH0094D 
LH0094CD 
See Package 01 6D 


Simplified Schematic 


r i 2 i 3 i 4 I s r r i 8 

Eo Vy V C A4- V" Rft RcOMMON r B 
TOP VIEW 



i” A ’ 4 A 3 

V A v B v c 



p^TTn 

1 6 100 j 7 100 Is 
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Absolute Maximum Ratings 








Supply Voltage 

, ±22V 

Storage Temperature Range 




Input Voltage 

±22V 

LH0094D 




~65°C to +150°C 

Output Short-Circuit Duration Continuous 

LH0094CD 




~55°C to +125°C 

Operating Temperature Range 

Lead Temperature (Soldering,. 10 seconds) 


300° C 

LH0094CD 

-25°C to +85°C 








LH0094D 

-55°C to +125°C 








Electrical Characteristics 



m 





Vs = ±15V, Ta = 25°C unless otherwise specified. Transfer function: 

> 

n 

o 

LU 


; 0.1 < m < 10; 0V < V x , V v 

. V 2 < 10V 



LH0094 

LH0094C 

UNITS 




msa 

U2J 


K2S1 


J ACCURACY | 

Multiply 

V z Vw 

E ° = 10 ( °° 3 - V V< 10V; 0.01 <V Z < 10V) 







% F.S. 

Untrimmed 

( Figure 2) 


0.25 

0.45 


0.45 

0.9 

(10V) 

External Trim 

(Figure 3) 


0.10 



0.1 


% F.S. 


vs Temperature 


0.2 



0.2 


mV/°C 

Divide 

E o =10V z /V x 








Untrimmed 

(Figure 4), (0.5 < V x < 10; 0.01 < V z < 10) 


0.25 

0.45 


0.45 

0.9 

% F.S. 

External Trim 

(Figure 5), (0.1 < V x < 10; 0.01 < V z < 10) 


0.10 



0.1 


% F.S. 


vs Temperature 


0.2 



0.2 


mV/°C 

Sq. Root 

E o =10\AVi0 








Untrimmed 

(Figure 8), (0.03 <V Z < 10) 


0.25 

0.45 


0.45 

0.9 

% F.S. 

External Trim 

(Figure 9), (0.01 < V z < 10) 


0.15 



0.15 


% F.S. 

Square 

E 0 = 10 (V z /10)2 (0.1 < V z < 10) 








Untrimmed 

(Figure 6) 


0.5 

1.0 


1.0 

2.0 

% F.S. 

External Trim. 

(Figure 7) 


0.15 



0.15 


% F.S. 

Low Level 

E 0 = \/l0 V z ; 5 rinV < V 2 < 10V 


0.05 



0.05 


% F.S. 

Sq. Root 

(Figure 10) 








Exponential 

m = 0.2 E 0 = 10 (V z /10) 2 


0.05 



0.08 


% F.S. 

Circuits 

(Figure 11), (0.1 < V 2 < 10) 
m = 5 E 0 = 10(V Z /10)5 


0.05 



0.08 


% F.S. 


(Figure 11), (1 < V z < 10) 

; 







| OUTPUT OFFSET j 


V x = 10.0V, V y f = V z = 0.0 

WSKM 

2 

5 


5 

10 

mV 

| AC CHARACTERISTICS | 

3dB BANDWIDTH 

m = 1.0 

V x .= V z = 10.0V 

V y = 0.1 Vrms 

■ 

10 

■ 

■ 

10 

■ 

kHz 

NOISE 

10 Hz to 1 kHz 









m = 1, V y = V z = 0.0V 

V x = 10V 

gj 

100 

■ 

■ 

100 

■ 

juVrms 


V X = 0.1V 


300 


■ 

300 


pVrms , 

EXPONENTS | 

m 


0.2 to 

0.1 to 


0.2 to 

EK3 

■ 




5 

10 


5 

O 

MB 


INPUT CHARACTERISTICS | 

Input Voltage 

(For Rated Performance) 

0 


10 

0 


10 

V 

Input Impedance 

(All Inputs) 

98 

100 


98 

100 


kft 

OUTPUT CHARACTERISTICS 

Output Swing 

(RL> 10k) 

10 

12 


10 

12 


V 

Output Impedance 



T 



1 


n 

Supply Current 

(Vs = ±15V), Note 1 


3 

5 


3 


mA 
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LH0094 


Applications Information 


GENERAL INFORMATION 

Power supply bypass capacitors (0.1 fj. F) are recom- 
mended for all applications. 

The LH0094 series is designed for positive input signals 
only. However, negative input up to the supply voltage 
will not damage the device. 

A clamp diode (Figure 1) is recommended for those 
applications in which the inputs may be subjected to 
open circuit or negative input signals. 

For basic applications (multiply, divide, square, square 
root) it is possible to use the device without any exter- 
nal adjustments or components. Two matched resistors 
are provided internally to set m for square or square 
root. 

When using external resistors to set m, such resistors 
should be as close to the device as possible. 

SELECTION OF RESISTORS TO SET m 

Internal Matched Resistors 

Ra and Rg are matched internal resistors. They are 
100H ±10%, but matched to 0.1%: 


(a) m = 2* 



*No external resistors required, strap as indicated 

External Resistors 

The exponent is set by 2 external resistors or it may 
be continuously varied by a single trim pot. (R1 4- 
R2 < 50012. 

(a) m = 1 

-in — l 3 


(b) m< 1 



m = R1 + R2 ~ 200*2 

R1 + R2 


(c) m > 1 



ACCURACY (ERROR) 

The accuracy of the LH0094 is specified for both exter- 
nally adjusted and unadjusted cases. 

Although it is'customary to specify the errors in percent 
of full-scale (10V), it is seen from the typical perfor- 
mance curves that the actual errors are in percent of 
reading. Thus, the specified errors are overly conserva- 
tive for small input, voltages. An example of this is the 
LH0094 used in the multiplication mode. The specified 
typical error is 0.25% of full-scale (25 mV). As seen 
from the curve, the unadjusted error is » 25 mV at 10V 
input, but the error is less than 10 mV for inputs up to 
IV. Note also that if either the multiplicand or the 
multiplier is at less than 10V, (5V for example) the 
unadjusted error is less. Thus, the errors specified are at 
full-scale— the worst case. 

The LH0094 is designed such that the user is able 
to externally adjust the gain and offset of the device- 
thus trim out all of the errors of conversion. In most 
applications, the gain adjustment is the only external 
trim needed for super accuracy— except in division 
mode, where a denominator offset adjust is needed 
for small denominator voltages. 

EXPONENTS 

The LH0094 is capable of performing roots to 0.1 and 
powers up to 10. However, care should be taken when 
applying these exponents-otherwise, results may be 
misinterpreted. For example, consider the 1/1 0th 
power of a number: i.e., 0.001 raised to 0.1 power is 
0.5011; 0.1 raised to the 0.1 power is 0.7943; and 10 
raised to the 0.1 power is 1.2589. Thus, it is seen that 
while the input has changed 4 decades, the output has 
only changed a little more than a factor of 2. It is also 
seen that with as little as 1 mV of offset, the output will 
also be greater than zero with zero input. 
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Applications Information (Continued) 

1. CLAMP DIODE CONNECTION 




0.1 < m < 10 


Note. This clamp diode con- 
nection is recommended for 
those applications in which 
the inputs may be subject to 
open circuit or negative signals. 


2. MULTIPLY 




FIGURE 2a. LH0094 Used to Multiply (No External Adjustment) FIGURE 2b. Typical Performance of 

LH0094 in Multiply Mode Without 
External Adjustment 


D1 

1N914 
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LH0094 


Applications Information (Continued) 


3. DIVIDE oi 

1N914 



FIGURE 4a. LH0094 Used to Divide (No External Adjustment) 



0 0.1 1 ' 10 . 


V Z (V) 


FIGURE 4b. Typical Performance, Divide Mode, 
Without External Adjustments 


Trim Procedures 

Apply 10V to V y , 0.1V to V x and V z 
Adjust R3 until E 0 = 10.000V. 

Apply 10.000V to all inputs. 

Adjust R2 until E 0 = 10.000V 

Repeat procedure. 


m = 1 


E 0 = 10ttO 

Vx R2 

10V REF 10k 

(LH0070 OR O— ^W 
LH0075) 


10k 

V + 


“1 

v x < 

14 T»i 

> 

>10M 

Q2_ 

11 


D1 

1ISI914 



FIGURE 5. Precision Divider (0.05% Typ) 




01234567 8. 9 10 

V z (V) 


FIGURE 6a. Basic Connection of LH0094 (m = 2) without FIGURE 6b. Squaring Mode without 

External Adjustment Using Internal Resistors to Set m External Adjustment 
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Applications Information (Continued) 

6. LOW LEVEL SQUARE ROOT 


D1 

1N914 



Typical Applications 

01 



R2 R1 + R2 

m = — ; Choose R1 = 200J2 m ; Choose R2 = 50S2 

R1+R2 .'.R2 = 50n ' R2 :\.R1 ~200U 


FIGURE 11. Precision Exponentiator (m = 0.2 to 5) 
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Typical Applications (Continued) 

(m=1) R 



Note. The LH0094 may be used to generate a voltage equivalent to: 


V0= xA/1 2 + V2 2 


VO = V2 + 


Vl2 


V0 + V2 

VO 2 + VO V2 = V2 VO + V2 2 + VI 2 
VO 2 = VI 2 + V2 2 


V0= s/Vl2 + V2^ VI, V2 0 10V 

R « 10k 

National Semiconductor resistor array RA08— 10k is recommended 


FIGURE 12. Vector Magnitude Function 


(m = 1) (m = 1) 



V T 


Note. The LH0094 may be used in direct measurement of gas flow. 
I PAP 
T 


Flow - k 


E o = 10 

e 0 2 = io 


Vp x Yap 

vt Eq 

Vp V^p 

v T 


E 0 = 



Vp VaP 

v t 


P = Absolute pressure 
T = Absolute temperature 
AP = Pressure drop 


FIGURE 13. Mass Gas Flow Circuit 
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Typical Applications (Continued) 



Note. The LH0094 may also be used to generate the Log of a 
ratio of 2 voltages. The output is taken from pin 14 of the 
LH0094 for the Log application. 


e LOG “ 


KT V, 

K1 — Cn tr 

q v x 


where K1 = 


R1 + R2 
R2 


If K1 = 


1 

KT/q 2n 1 0 


then E(_og = Logio 


R1 = 15.9 R2 
R2 ~ 400^ 

R2 must be a thermistor with a tempco of « 0.33%/° C to 
be compensated over temperature. 


FIGURE 14. Log Amp Application 
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Definition of Terms 

Capacitor Saturation Voltage: The offset voltage 
remaining on the timing capacitor after capacitor 
discharge current has dropped to zero. 

Collector Saturation Voltage: The collector to emitter 
voltage on the output transistor when it is in the "ON" 
state with specified sink current flowing into the 
col lector terminal. 

Common-Mode Rejection Ratio: The ratio of the change 
in input offset voltage to the peak-to-peak input voltage 
range. 

Comparator Input Current: The average current flowing 
from the R/C pin during the timing cycle. 

Ct: Timing capacitor connected between the R/C 
terminal and the ground terminal. 

Emitter Saturation Voltage: The voltage across the 
output transistor when the collector is tied to V + , the 
transistor is in the "ON" state, and the specified output 
current is flowing from the emitter terminal. 

Input Bias Current: The average of the two* input 
currents. 

Input Offset Current: The difference in the current into 
the two input terminals when the supply (output) 
current is 4.0 mA. 


Open Loop Supply Current: The supply current required 
with the signal amplifier A2 biased off (inverting input 
positive, non-inverting input negative) and no load on 
the Vref terminal . m 

This represents a measure of the minimum low end 
signal current. 

Output Leakage Current: The maximum current flowing 
into the collector of the output transistor when the 
transistor is in the "OFF" state. 

Output Sink Current: The current available to flow into 
a load from a positive supply over a specified output 
voltage range. 

Output Source Current: The current available to flow 
into a load from the output to V~, over a specified 
output voltage range. 

Output Voltage: The voltage referred to the V + terminal 
from the output terminal with the input and output 
connected. (This voltage is the temperature output of 
the LM3911 and so includes errors in the sensor section 
and op amp section.) 

Power Supply Rejection Ratio: The ratip of the change 
in input offset voltage to the change in supply (output) 
voltage producing it. 


Input Offset Voltage: The voltage which must be 
applied between the input terminals through equal 
resistances to obtain 4.0 mA of supply (output) current. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current at either input 
with the other input connected to 1 .0 Vdc. 

Input Voltage Range: The range of voltages on the 
input terminals for which the device operates within 
specifications. 

Linearity: The deviation in output voltage from a 
straight line output over a specified temperature 
excursion. 

Long Term Stability: The change of a particular para- 
meter when operated at maximum temperature for 
1000 hours. i 

Maximum Power Dissipation: The maximum total 
device dissipation for which the timer will operate 
within specifications. 

Open Loop Output Resistance: The ratio of a specified 
supply (output) voltage change to the resulting change 
in supply (output) current at the specified current level. 


Reference Voltage Line Regulation: The ratio of the 
change in Vref to the peak-to-peak change in supply 
(output) voltage producing it. 

Reference Voltage Load Regulation: The change in 
Vref f° r a stipulated change in Iref* 

Reset Resistor: The equivalent resistor which may be 
used to calculate the discharge time of the timing 
capacitor, tQISCHARGE = (5) (C t ) (RRESET). 

Reverse Breakdown Voltage: The voltage appearing 
between the V + and V“ terminals at a specified current. 

Rt: Timing resistor connected between Vref and the 
R/C terminal. 

Temperature Stability: The percentage in output 
voltage for a thermal variation from room temperature 
to either temperature extreme. 

Timing Ratio: The ratio of the firing voltage at the 
R/C pin to the reference voltage. 

Trigger Current: The current flowing into or out of the 
trigger terminal at the specified trigger voltage. 


Open Loop Transconductance: The ratio of the supply 
(output) current SPAN to the input voltage required to 
produce that SPAN. 


Trigger Voltage: The voltage required at the trigger 
terminal to initiate a timing cycle, referenced to the 
ground pin. 
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General Description 

The LM122 series are precision timers that offer 
great versatility with high accuracy. They operate 
with unregulated supplies from 4.5V to 40V while 
maintaining constant timing periods from micro- 
seconds to hours. Internal logic and regulator cir- 
cuits complement the basic timing function 
enabling the LM122 series to operate in many 
different applications with a minimum of external 
components. 

The output of the timer is a floating transistor 
with built in current limiting. It can drive either 
ground referred or supply referred loads up to 40V 
and 50 mA. The floating nature of this output 
makes it ideal for interfacing, lamp or relay driv- 
ing, and signal conditioning where an open col- 
lector or emitter is required. A "logic reverse" cir- 
cuit can be programmed by the user to make the 
output transistor either "on" or "off" during the 
timing period. 

The trigger input to the LM122 series has a thresh- 
old of 1.6V independent of supply voltage, but it 
is fully protected against inputs as high as ±40V — 
even when using a 5V supply. The circuitry reacts 
only to the rising edge of the trigger signal, and is 
immune to any trigger voltage during the timing 
periods. 

An internal 3.15V regulator is included in the 
timer to reject supply voltage changes and to pro- 
vide the user with a convenient reference for appli- 
cations other than a basic timer. External loads up 
to 5 mA can be driven by the regulator. An inter- 
nal 2V divider between the reference and ground 
sets the timing period to 1 RC. The timing period 
can be voltage controlled by driving this divider 


with an external source through the V^dj pin. 
Timing ratios of 50:1 can be easily achieved. 

The comparator used in the LM122 utilizes high 
gain PNP input transistors to achieve 300 pA typi- 
cal input bias current over a common mode range 
of 0V to 3V. A boost terminal allows the user to 
increase comparator operating current for timing 
periods less than 1 ms. This lets the timer oper- 
ate over a 3jus to multi-hour timing range with 
excellent repeatability. 

The LM122 operates over a temperature range of 
-55° C to + 125°C. An electrically identical LM222 
is specified from -25°C to +85° C, and the LM322 
is specified from 0°C to +70°C. The LM2905/ 
LM3905 are identical to the LM122 series except 
that the boost and Vadj P' n options are not 
available, limiting minimum timing period to 1 ms. 

Features 

■ Immune to changes in trigger voltage during 
timing interval 

■ Timing periods from microseconds to hours 

■ Internal logic reversal 

■ Immune to power supply ripple during the 
timing interval 

■ Operates from 4.5V to 40V supplies 

■ Input protected to ±40V 

■ Floating transistor output with internal current 
limiting 

■ Internal regulated reference 

■ Timing period can be voltage controlled 

■ TTL compatible input and output 


Typical Applications 


TRIGGER 





-n 

i 

L_ 


__F 



Basic Timer-Collector Output and Timing Chart 


One Hour Timer with Reset and Manual Cycle End 
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LM122/LM222/LM322, LM2905/LM3905 


Absolute Maximum Ratings 


Power Dissipation 

500 mW 

Operating Temperature Range 

V + Voltage 

1 40V 

LM122 

Collector Output Voltage 1 

40V 

LM222 

V REF Current 

5 mA 

LM322 

Trigger Voltage 

±40V 

LM2905 

V A dj Voltage (Forced) 

5V 

LM3905 

Logic Reverse Voltage 

5.5V 


Output Short Circuit Duration (Note 1 ) 

\ 


Lead Temperature (Soldering, 10 sec) 

300°C 



-55°C<Ta<+125°C 
-25°C < T A < +85° C 
0°C < T A < +70° C 
-40° C < Ta < +85° C 
0°C < Ta < +70°C 


Electrical Characteristics (Note 2) 


PARAMETER 

CONDITIONS 

LM122/LM222 | 

LM322 1 

LM2905/LM3905 | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Timing Ratio 

Ta = 25°C, 4.5V < V + < 40V 

0.626 

0.632 

0.638 

0.620 

0.632 

0.644 

0.620 

0.632 

0.644 



Boost Tied to V + , (Note 3) 

0.620 

0.632 

0.644 

0.620 

0.632 

0.644 





Comparator Input Current 

T A = 25°C, 4.5V < V + < 40V 


0.3 

1.0 


0.3 

1.5 


0.5 

1.5 

nA 


Boost Tied to V + 


30 

100 


30 

100 




nA 

Trigger Voltage 

Ta = 25°C, 4.5V < V + < 40V 

1.2 

1.6 

2 

1.2 

1.6 

2 

1.2. 

1.6 

2 

V 

Trigger Current 

T A = 25°C, V T RIG = 2V 


25 



25 



25 


ma 

Supply Current 

Ta>25°C, 4.5V < V + < 40V 


2.5 

4 


2.5 

4.5 


2.5 

4.5 

mA 

Timing Ratio 

4.5V < V + <40V' 

0.62 


0.644 

0.61 


0.654 

0.61 


0.654 



Boost Tied to V* 

0.62 


0.644 

0.61 


0.654 





Comparator Input Current 

4.5V <V + < 40V 

-5 


5 

-2 


2 

-2.5 


2.5 

nA 


Boost Tied to V + , (Note 4) 



100 



150 




nA 

Trigger Voltage 

4.5V <V + < 40V 

0.8 


2.5 

0.8 


2.5 

0.8 


2.5 

V 

Trigger Current 

VTRIG = 2.5V 



200 



200 



200 

pA 

Output Leakage Current 

V C E = 40V 



1 



5 



5 

juA 

Capacitor Saturation Voltage 

R t > 1 Mf2 


2.5 



2.5 



2.5 


mV 


R t = 10 ki2 


25 



25 



25 


mV 

Reset Resistance 



150 



150 



150 


SI 

Reference Voltage 

Ta = 25° C 

3 

3.15 

3.3 

3 

3.15 

3.3 

3 

3.15 

3.3 

V 

Reference Regulation 

0 < l0UT<3 mA 


20 

50 


20 

50 


20 

50 

mV 


4.5V <V + < 40V 


6 

25 . 


6 

25 


6 

25 

mV 

Collector Saturation Voltage 

1 1_ = 8 mA 


0.25 

0.4 


0.25 

0.4 


0.25 

0.4 

V 


l|_ = 50 mA 


0.7 

1.4 . 


0.7 

1.4 


0.7 

1.4 

V 

Emitter Saturation Voltage 

Ta = 25°C, l|_ = 3 mA 


.1.8 

2.2 


1.8 

2.2 


1.8 

2.2 

V 


Ta = 25° C, 1 1_ = 50 mA 


2.1* 

3 


2.1 

3 


2.1 

3 

V 

Average Temperature 



0.003 



0.003 



0.003 


%/°C 

Coefficient of Timing Ratio 












Minimum Trigger Width 

VTRIG = 3V 


0.25 



0.25 



0.25 


ps 


Note 1: Continuous output shorts are not allowed. Short circuit duration at ambient temperatures up to 40°C may be calculated fromt = 120/ 

Vce seconds, where Vqe is the collector to emitter voltage across the output transistor during the short. 

Note 2: These specifications apply for TamIN ^ "^A ^ "^AMAX unless otherwise noted. 

Note 3: Output pulse width can be calculated from the following equation: t = (R t )(C t )[1 — 2(0.632 — r ) — Vq/Vre p) where r is timing ratio 

and Vq is capacitor saturation voltage. This reduces to t = (R t )(C t ) for all but the most critical applications. 

Note 4: Sign reversal may occur at high temperatures (> 100°C) where comparator input current is predominately leakage. See typical curves. 


Typical Performance Characteristics 



0 .5 1 1.5 2 2.5 


COMPARATOR INPUT VOLTAGE (V) 


Comparator Bias Current 
5.6 
4.8 
4 


£ 2.4 

| 1.6 
3 o 
2 - 8 
CO 0 

-.8 

- 1.6 

-2.4 

5 

COMPARATOR INPUT VOLTAGE (V) 



Comparator Bias Current 
( LM1 22/LM222/LM322) 

30 

25 

20 

15 

10 

5 

0 

0 .5 1 1.5 2 2.5 


Ta = 

— 

-55° C 








— 

T A = 

25° C 

-T a = 

TRIG 

BOO 

125°C 



GER "H 
if TIED 

TO V + 


— 





! 





1 





COMPARATOR INPUT VOLTAGE (V> 


9-2 












PULSE (V) VOLTAGE (V) CHANGE IN REFERENCE VOLTAGE (mV) SINK CURRENT (mA) CURRENT (mA) 


Typical Performance Characteristics (Continued) 
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Schematic Diagram 
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Functional Diagram 
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Timing Diagram 


A reset 
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TIMER FUNCTION 
(CAPACITOR FROM R/C TO GND) 


COMPARATOR FUNCTION 
(NO CAPACITOR FROM R/C TO GND, 
R > 1 k« IN SERIES WITH R/C PIN) 


Pin Function Description 

One of the main features of the LM122 is its 
great versatility. Since this device is unique, a 
description of the functions and limitations of 
each pin is in order. This will make it much 
easier to follow the discussion of the various 
applications presented in this note. . 

V + is the positive supply terminal of the LM122. 
When using a single supply, this terminal may be 
driven by any voltage between 4.5V and 40V. 
The effect of supply variations on timing period 
is less than 0.005%/V, so supplies with high ripple 
content may be used without causing pulse width 
changes. Supply bypassing on V + is not generally 
needed but may be necessary when driving highly 
reactive loads. Quiescent current drawn from the 
V + terminal is typically 2.5 mA, independent of 
the supply voltage. Of course, additional current 
will be drawn if the reference is externally loaded. 


required. The regulated voltage is very useful in 
applications where the LM 1 22 is not used as a timer; 
such as switching regulators, variable reference 
comparators, and temperature controllers. Typical 
temperature drift of the reference is less than 
0.01 %/°C. 

The trigger terminal is used to start a timing 
cycle (see functional diagram). Initially, Q1 is 
saturated, Ct is discharged and the latching buffer 
output (VI) is latched high. A trigger pulse un- 
latches the buffer, VI goes low and turns Q1 
off. The timing capacitor Ct connected from R/C to 
GND will begin to charge. When the voltage at the 
R/C terminal reaches the 2.0V threshold of the 
comparator, the comparator toggles, latching the 
buffer output (VI) in the high state. This turns 
on Q1, discharges the capacitor Ct and the cycle is 
ready to begin again. 


The Vref P« n * s the output of a 3.15V series 
regulator referenced to the ground pin. Up to 
5.0 mA can be drawn from this pin for driving 
external networks. In most applications the timing 
resistor is tied to , Vref*. but it need not be in 
situations where a more linear charging current is 


If the trigger is held high as the timing period ends, 
the comparator will toggle and VI will go high 
exactly as before. However, VI will not be latched 
and the capacitor will not discharge until the trig- 
ger again goes low. When the trigger goes low, VI 
remains high but is now latched. 
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Pin Function Description (Continued) 

Trigger threshold is typically 1.6V at 25°C and has 
a temperature dependence of -5.0 mV/°C. Cur- 
rent drawn from the trigger source is typically 
20/xA at threshold, rising to 600juA at 30V, then 
leveling off due to FET action of the series resistor, 
R5. For negative input trigger voltages, the only 
current drawn is leakage in the nA region. The 
trigger can be driven from supplies as high as 
±40V, even when device supply voltage is only 
5V. 

The R/C pin is tied to the non-inverting side of 
the comparator and to the collector of Q1. Timing 
ends when the voltage on this pin reaches 2.0V 
(1 RC time constant referenced to the 3.15V 
regulator). Q1 turns on only if the trigger voltage 
has dropped below threshold. In comparator or 
regulator applications of the timer, the trigger 
is held permanently high and the R/C pin acts 
just like the input to an ordinary comparator. 
The maximum voltages which can be applied to 
this pin are +5.5V and —0.7V. Current from the 
R/C pin is typically 300 pA when the voltage is 
negative with respect to the V A dj terminal. For 
higher voltages, the current drops to leakage levelsr 
In the boosted mode, input current is typically 
30 nA. Gain of the comparator is very high, 
200,000 or more, depending on the state of the 
logic reverse pin and the connection of the out- 
put transistor. 

The ground pin of the LM122 need not necessarily 
be tied to system ground. It can be connected to 
any positive or negative voltage as long as the 
supply is negative, with respect to the V + terminal. 
Level shifting may be necessary for the input 
trigger if the trigger Voltage is referred to system 
ground. This can be done by capacitive coupling 
or by actual resistive or active level shifting. One 
point must be kept in mind; the emitter output 
must not be held above the ground terminal with 
a low source impedance. This could occur, for 
instance, if the emitter were grounded when the 
ground pin of the LM122 .was tied to a negative 
supply. 

The terminal labeled V A qj is. tied to one side of 
the comparator and to a voltage divider between 
Vref and ground. The divider voltage is set at 
63.2% of V REF with respect to ground— exactly 
one RC time constant. The impedance of the 
divider is increased to about 30k with a series 
resistor to present a minimum load on external 
signals tied to V A pj. This resistor is a pinched 
type with a typical variation in nominal value of 
-50%, +100%. and a TC of 0.7%/°C. For this 
reason, external signals (typically a pot between 
Vref and ground) connected to V A dj should 
have a source resistance as low as possible. For 
small changes in V A dj, up to several k£2 is all 
right, but for large variations, 250£2 or less should 
be maintained. This can be accomplished with a Ik 
pot, since the maximum impedance from the 
wiper is 250£2. If a voltage is forced on V A qj from 
a hard source, voltage should be limited to -0.5, 
and +5.0V, or current limited to ±1.0 mA. This 


includes capacitively coupled signals because even 
small values of capacitors contain enough energy 
to degrade the input stage if the capacitor is driven 
with a large, fast slewing signal. The V A pj pin may 
be used to abort the timing cycle. Grounding this 
pin during the timing period causes the timer to 
react just as if the capacitor voltage had reached its 
normal RC trigger point; the capacitor discharges 
and the output charges state. An exception to this 
occurs if the trigger pin is held high when the 
Vadj pin is grounded. In this case, the output 
changes state, but the capacitor does not discharge. 

If the trigger drops while V A pj is being held low, 
discharge will occur immediately and the cycle 
will be over. If the trigger is still high when V A qj 
is released, the output may or may not change 
state, depending the voltage across the timing 
capacitor. For voltages below 2.0V across the 
timing capacitor, the output will change state 
immediately, then once more as the voltage rises 
past 2.0V. For voltages above 2.0V, no change 
will occur in the output. This pin is not available 
on the LM2905/LM3905. 

In noisy environments or in comparator-type 
applications, a bypass capacitor on the Vadj 
terminal may be needed to eliminate spurious 
outputs because it is high impedance point. The 
size of the cap will depend on the frequency and 
energy content of the noise. A O.ljuF will generally 
suffice for spike suppression, but several juF may 
be used if the timer is subjected to high level 60 Hz 
EMI; 

The emitter and the collector outputs of the 
timer can be , treated just as if they were an 
ordinary transistor with 40V minimum collector- 
emitter breakdown voltage. Normally, the emitter 
is tied to the ground pin and the signal is taken 
from the collector, or the collector is tied to V + 
and the signal is -taken from the emitter. Variations 
bn these basic connections are possible. The 
collector can be tied to any positive voltage up to 
40V when the signal is taken from the emitter. 
However, the emitter will not be pulled higher 
than the supply voltage on the V + pin. Connecting 
the collector to a voltage less than the V + voltage 
is allowed The emitter should not be connected 
to a low impedance load other than that to which 
the ground pin is tied. The transistor has built-in 
current limiting with a typical knee current of 
120 mA. Temporary short circuits are allowed; 
even with collector-emitter voltages up to 40V. 
The power x time product, however, must not 
exceed 15 watt-seconds for power levels above the 
maximum rating of the package. A short to 30V, 
for instance, can not be held for more than 4 
seconds. These levels are based on 40° C maximum 
initial chip temperature. When driving inductive 
loads, always use a clamp diode to protect the 
transistor from inductive kick-back. 

A boost pin is provided on the LM122 to 
increase the speed of the internal comparator. 
The comparator is normally operated at low 
current levels for lowest possible input current. 



Pin Function Description (Continued) 

For timing periods less than 1 ms, where low input 
current is not needed, comparator operating 
current can be increased several orders of magni- 
tude. Shorting the boost terminal to V + increases 
the emitter current of the vertical PNP drivers 
in the differential stage from 25 nA to 5/iA. This 
pin is not available on the LM2905/LM3905. 

With the timer in the unboosted state, timing 
periods are accurate down tq about 1 ms. In the 
boosted mode, loss of accuracy due to comparator 
speed is only about 800 ns, so timing periods of 
several microseconds can be used. The 800 ns 
error is relatively insensitive to temperature, so 
temperature coefficient of pulse width is still good. 

The Logic pin is used to reverse the signal appearing 
at the output transistor. An open or "high" 
condition on the logic pin programs the output 
transistor to be "off" during the timing period 
and "on" all other times. Grounding the logic 
pin reverses the sequence to make the transistor 
"on" during the timing period. Threshold for the 
logic pin is typically 100 mV with 150/iA flowing 
out of the terminal. If an active drive to the 
logic pin is desired, a saturated transistor drive is 
recommended, either with a discrete transistor or 
the open collector output of integrated logic. 

A maximum V SAT of 25 mV at 200piA is required. 
Minimum and maximum voltages that may appear 
on the logic pin are 0 and +5.0, respectively. 


Typical Applications (Continued) 

Basic Timers 


Figure 1 is a basic timer using the collector output. 
R t and C t set the time interval with R L as the load. 
During the timing interval the output may be 


TRIGGER 



OUTPUT 

LOGIC TIE0 TO V HEF 




OUTPUT 

LOGIC TIED TO GN0 


TRIGGER 

INPUT 


FIGURE 1. Basic Timer-Collector Output and Timing 
Chart 


Figure 2 is again a basic timer, but with the output 
taken from the emitter of the output transistor. 
As with the collector output, either a high or 
low condition may be obtained during the timing 
period. 



“1 
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t r"~ " 
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FIGURE 2. Basic Timer-Emitter Output and Timing 
Chart 


Simulating a Thermal Delay Relay 

Figure 3 is an application where the LM122 is 
used to simulate a thermal delay relay which 



FIGURE 3. Time Out on Power Up (Relay Energized 
R t C t Seconds After Vqq is Applied) 

prevents power from being applied to other 
circuitry until the supply has been on for some 
time. The relay remains de-energized for R t C t 
seconds after V cc is applied, then closes and 
stays energized until V cc is turned off. Figure 4 
is a similar circuit except that the relay is energized 



either high or low depending on the connection of 
the logic pin. Timing waveforms are shown in the 
sketch along side Figure 1. Note that the trigger 
pulse may be either shorter or longer than the 
output pulse width. 


FIGURE 4. Time Out on Power Up (Relay Energized 
Until R{Cf Seconds After Vqc < s Applied) 

as soon as V cc is applied. R t C t seconds later, the 
relay is de-energized and stays off until the V cc 
supply is recycled. 
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Typical Applications (Continued) 


+5V Supply Driving 28V Relay 

Figure 5 shows the timer interfacing 5V logic to 
a high voltage relay. Although the V + terminal 
could be tied to the +28V supply, this may be 



FIGURE 5. 5V Logic Supply Driving 28V Relay 

an unnecessary waste of power in the 1C or require 
extra wiring if the LM122 is on a logic card. 
In either case, the threshold for the trigger is 1.6V. 

30V Supply Interfacing with 5V Logic 

Figure 6 indicates the ability of the timer to 
interface to digital logic when operating off a 
high supply voltage. V OUT swings between +5V 
and ground with a minimum fanout of 5 for 
medium speed TTL. If the logic is sensitive to 
rise/fall time of the trailing edge of the output 
pulse, the trigger pin should be low at that time. 


TRIGGER 



FIGURE 6. 30V Supply Interfacing with 5V Logic 


Astable Operation 

The LM122 can be made into a self-starting 
oscillator by feeding the output back to the 
trigger input through a capacitor as shown in Fig- 
ure 7. Operating frequency is 1/(R t + R^C*). 
The output is a narrow negative pulse whose width 
is approximately 2R 2 C f . For optimum frequency 
stability, C f should be as small as possible. The 
minimum value is determined by the time required 
to discharge C t through the internal discharge 
transistor. A conservative value for C f can be 
chosen from the graph included with Figure 20. 
For frequencies below 1 kHz, the frequency error 


introduced by C f is a few tenths of one percent or 
less for R t > 500k. 



0.001 0 01 0.1 1 0 10 too 

C, (j/F) 


FIGURE 7. Oscillator 

One Hour Timer with Reset and Manual Cycle End 

Figure 8 shows the LM122 connected as a one 
hour timer with manual controls for start, reset, 
and cycle end. SI starts timing, but has no effect 
after timing has started. S2 is a center off switch 
which can either end the cycle prematurely with 
the appropriate change in output state and dis- 
charging of C t , or cause C t to be reset to OV 
without a change in output. In the latter case, a 
new timing period starts as soon as S2 is released. 



FIGURE 8. One Hour Timer with Reset and Manual 
Cycle End 


The average charging current through R t is about 
30 nA, so some attention must be paid to parts 
layout to prevent stray leakage paths. The sug- 
gested timing capacitor has a typical self time 
constant of 300 hours and a guaranteed minimum 
of 25 hours at +25° C. Other capacitor types may 
be used if sufficient data is available on their 
leakage characteristics. 
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Typical Applications (Continued) 

Two Terminal Time Delay Switch 

The LM122 can be used as a two terminal time 
delay switch if an "on" voltage drop of 2V to 3V 
can be tolerated. In Figure 9 , the timer is used 
to drive a relay "on" R t * C t seconds after applica- 
tion of power, "off" current of the switch is 
4 mA maximum, and "on" current can be as high 
as 50 mA. v* 



FIGURE 9. 2-Terminal Time Delay Switch 
Zero Power Dissipation Between Timing Intervals 

In some applications it is desirable to reduce 
supply current drain to zero. between timing cycles. 
In Figure 10 This is accomplished by using an 
external PIMP as a latch to drive the V + pin of 



FIGURE 10. Zero Power Dissipation Between Timing 
Intervals 

Between timing periods Q1 is off and no supply 
current is drawn. When a trigger pulse of 5V 
minimum amplitude is received, the LM122 output 
transistor and Q1 latch for the duration of the 
timing period. D1 prevents the step on the V + pin 
from coupling back into the trigger pin. If the 
trigger input is a short pulse. Cl and R2 may be 
eliminated. R L must have a minimum value of 
(V cc )/(2.5 mA). 

Frequency to Voltage Converter 

An accurate frequency to voltage converter can 
be made with the LM122 by averaging output 
pulses with a simple one pole filter as shown in 
Figure 11. Pulse width is adjusted with R2 to 
provide initial calibration at 10 kHz. The collector 
of the output transistor is tied to V REF , giving 
constant amplitude pulses equal to V REF at the 
emitter output. R4 and Cl filter the pulses to 


give a dc output equal to, (R t )(C t ) (V REF )(f). 
Linearity is about 0.2% for a 0V to IV output. 
If better linearity is desired R5 can be tied to the 
summing node of an op amp which has the 
filter in the feedback path. If a low output 
impedance is desired, a unity gain buffer such as 
the LM110 can be tied to the output. An analog 
meter can be driven directly by placing it in series 
with R5 to ground. A series RC network across the 
meter to provide damping will improve response at 
very low frequencies. 



FIGURE 1 1 . Frequency to Voltage Converter. (Tacho- 
meter) Output Independent of Supply 
Voltage 

Pulse Width Detector 

By driving the logic terminal of the LM122 simul- 
taneous to the trigger input, a simple, accurate 
pulse width detector can be made (Figure 12). 



FIGURE 12. Pulse Width Detector 
In this application the logic terminal is normally 
held high by R3. When a trigger pulse is received, 
Q1 is turned on, driving the logic terminal to 
ground. The result of triggering the timer and 
reversing the logic at the same time is that the 
output does not change from its initial low condi- 
tion. The only time the output will change states 
is when the trigger input stays high longer than 
one time period set by R t and C t . The output 
pulse width is equal to the input trigger width 
minus R t • C t . C2 insures no output pulse for 
short (< RC) trigger pulses by prematurely resetting 
the timing capacitor when the trigger pulse drops. 
C L filters the narrow spikes which would occur at 
the output due to propagation delays during 
switching. 



9-9 


LM122/LM222/LM322, LM2905/LM3905 



LM122/LM222/LM322, LM2905/LM3905 


Typical Applications (Continued) 

5V Switching Regulator 

Figure 13 is an application where the LM122 
does not use its timing function. A switching 
regulator is made using the internal reference and 
comparator to drive a PNP transistor switch. 
Features of this circuit include a 5.5V minimum 
input voltage at 1A output current, low part 
count, and good efficiency (> 75%) for input 
voltages to 10V. Line and load regulation are less 
than 0.5% and output ripple at the switching 
frequency is only 30 mV. Q1 is an inexpensive 
plastic device which does not need a heatsink for 
ambient temperature up to 50°C. D1 should be a 
fast switching diode. Output voltage can be adjusted 
between IV and 30V by choosing proper values 
for R2, R3, R4, and R5. For outputs less than 
2 V, a divider with 25012 Thevinin resistance 
must be connected between V REF and ground with 
its tap point tied to V AD j. 



FIGURE 13. 5V Switching Regulator with 1 Amp Output 
and 5.5V Minimum Input 

Application Hints 

Aborting a Timing Cycle 

The LM122 does not have an input specifically 
allocated to a stop-timing function. If such a 
function is desired, it may be accomplished 
several ways: 

■ Ground V ADJ 

■ Raise R/C more positive than V ADJ 

■ Wire "OR" the output 

Grounding V ADJ will end the timing cycle just 
as if the timing capacitor had reached its normal 
discharge point. A new timing cycle can be started 
by the trigger terminal as soon as the ground is 
released. A switching transistor is best for driving 
V A dj to as near ground as possible. Worst case 
sink current is about 300/uA. 

A timing cycle may also be ended by a positive 
pulse to a resistor (R < R t /100) in series with 
the timing capacitor. The pulse amplitude must be 
at least equal to V ADJ (2.0V), but should not 
exceed 5.0V. When the timing capacitor discharges. 


a negative spike of up to 2.0V will occur across the 
resistor, so some caution must be used if the drive 
pulse is used for other circuitry. 



The output of the timer can be wire ORed with 
a discrete transistor or an open collector logic 
gate output. This allows overriding of the timer 
output, but does not cause the timer to be reset 
until its normal cycle time has elapsed. 

Using the LM122 as a Comparator 

A built-in reference and zero volt common mode 
limit make the LM122 very useful as a comparator. 
Threshold may be adjusted from zero to three 
volts by driving the V ADJ terminal with a divider 
tied to V REF . Stability of the reference voltage 
is typically ±1% over a temperature range of , 
-55°C to +125°C. Offset voltage drift in the 
comparator is typically 25juV/°C in the boosted 
mode and 50pV/ p C unboosted. A resistor can be 
inserted in series with the input to allow overdrives 
up to ±50V as shown in Figure 15, There is actually 
no limit on input voltage as long as current is 
limited to ±1 mA. The resistor shown contributes 



FIGURE 15. Comparator with OV to 3V Threshold 


a worst case of 5 mV to initial offset. In the 
unboosted mode, the error drops to 0.25 mV 
maximum. The capability of operating off a single 
5V supply with internal reference should make 
this comparator very useful. 
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Linearizing the Charging Sweep 


Application Hints (Continued) 

Eliminating Timing Cycle Upon Initial 
Application of Power 

The LM122 will normally start a timing cycle 
(with no trigger input) when V + is first turned on. 
If this characteristic is undesirable, it can be 
defeated by tying the timing capacitor to V REF 
instead of ground as shown in Figure 16. This 
connection, does not affect operation of the timer 
in any other way. If an electrolytic timing capaci- 
tor is used, be. sure the negative end is tied to the 
R/C pin and the positive end to V REF . A 1.0 k£2 
resistor should be included in series with the 
timing capacitor to limit the surge current load 
on V REF when the capacitor is discharged. 



Using Dual Supplies 

The LM122 can be operated off dual supplies as 
shown in Figure 17. The only limitation is that the 
emitter terminal cannot be tied to ground, it must 
either drive a load referred to V - or be actually tied 
to V” as shown. Although capacitive coupling is 
shown for the trigger input (to allow 5V triggering), 
a resistor can be substituted for Cl. R2 must be 
chosen to give proper level shifting between the 
trigger signal and the trigger pin of the timer. 
Worst case "lo” on the trigger pin (with respect 
to V - ) is 0.8V, and worst case “high” is 2.5V. 
R2 may be calculated from the divider equation 
with R1 to give these levels. 



FIGURE 17. Operating Off Dual Supplies 


In some applications (such as a linear pulse width 
modulator) it may be desirable to have the timing 
capacitor charge from a constant current source. 
A simple way to accomplish this is shown in 
Figure 18. 



FIGURE 18. Temperature Compensated Linear 
Charging Sweep 

Q1 converts the current through R1 to a current 
source independent of the voltage across C t . R2, 
R3, D1, and D2 are added to make the current 
through R1 independent of supply variations 
and temperature changes. (D2 is a low TC type) 
D2 and R3 can be omitted if the V + supply is stable 
and D1 and R2 can be omitted also if temperature 
stability if not critical. With D1, D2, R2 and R3 
omitted, the current through R1 will change about 
0.015%/°C with a 15V supply and 0.1 %/°C with a 
5.0V supply. 

Triggering with Negative Edge 

Although the LM122 is triggered by a positive 
going trigger signal, a differentiator tied to a 
normally “high” trigger will result in negative 
edge triggering. In Figure 19, R1 serves the dual 
purpose of holding the trigger pin normally high 
and differentiating the input trigger pulse coupled 
through Cl. The timing diagram included with 
Figure 21, shows that triggering actually occurs a 
short time after the negative going trigger, while 
positive going triggers have no effect. The delay 
time between a negative trigger signal and ''actual 


Cl 

0 001 



FIGURE 19. Timer Triggered by Negative Edge of 
Input Pulse 
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LM122/LM222/LM322, LM2905/LM3905 




LM122/LM222/LM322, LM2905/LM3905 


Application Hints (Continued) 

starts of timing is approximately (0.5 to 1.5) Chain of Timers ^ 

(R1 • Cl) depending on the trigger amplitude, 

or about 2.5 to 7.5ms with the values shown. The LM122 can be connected as a chain of 

This time will have to be increased for C t larger tim ers quite easily with no interface required. In 

than O.OIfiF because C, is charged to V REF F/ffure 20A and 20B, two possible connections are 

whenever the trigger pin is kept high and must shown - In both cases, the output of the timer is low 

reset itself during the short time that the trigger during the timing period so that the positive 

pin voltage is low. A conservative value for Cl is: 9°i n 9 signal at the end of timing period can trigger 

the next timer. There is no limitation on the 
timing period of one timer with respect to any 
C other timer before or after it, because the trigger 

Ci > — — input to any timer can be high or low when that 

10 timer ends its timing period. 


VouTIII VouTIJ) 



(B) 


FIGURE 20. Chain of Timers 
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National 
Semiconductor 

LM134/LM234/LM334 




Industrial/Automotive/Functional 

Blocks/Telecommunications 


3-Terminal Adjustable Current Sources 


General Description 

The LM134/LM234/LM334 are 3-terminal adjustable 
current sources featuring 10,000:1 range in operating 
current, excellent current regulation and a wide dynamic 
voltage range of IV to 40V. Current is established with 
one external resistor and no other parts are required. 
Initial current accuracy is ±3%. The LM134/LM234/ 
LM334 are true floating current sources with no separate 
power supply connections. In addition, reverse applied 
voltages of up to 20V will draw only a few microamperes 
of current, allowing the devices to act as both a rectifier 
and current source in AC applications. 


LM134-3/LM234-3 and LM134-6/LM234-6 are specified 
as true temperature sensors with guaranteed initial 
accuracy of ±3°C and ±6°C, respectively. These devices 
are ideal in remote sense applications because series 
resistance in long wire runs does not affect accuracy. 
In addition, only 2 wires are required. 

The LM134 is guaranteed over a temperature range of 
-55° C to +125°C, the LM234 from -25°C to +100°C 
and the LM334 from 0°C to +70°C. These devices gre 
available in TO-46 hermetic and TO-92 plastic packages. 


The sense voltage used to establish operating current in 
the LM134 is 64 mV at 25°C and is directly propor- 
tional to absolute temperature (°K). The simplest one 
external resistor connection, then, generates a current 
with «+0.33%/°C temperature dependence. Zero drift 
operation can be obtained by adding one extra resistor 
and a diode. 

Applications for the new current sources include bias 
networks, surge protection, low power reference, ramp 
generation, LED driver, and temperature sensing. The 


Features 

■ Operates from IV to 40V 

■ 0.02%/V current regulation 

■ Programmable from 1 juA to 10 mA 

■ True 2-terminal operation 

■ Available as fully specified temperature sensor 

■ ±3% initial accuracy 


Typical Applications 


Basic 2-Terminal Current Source 
+V| M 


* r set 


- V IN 


Zero Temperature Coefficient Current Source 



^Select ratio of R1 to RgET t0 obtain zero drift. I + « 2 IsET 


Terminating Remote Sensor for Voltage Output 


+ V, N 



Ground Referred Fahrenheit Thermometer 


R4 

56k 



+V|n£3V 


V 0UT = 10mV/ o F 
10°F < T< 250°F 


+ V| N 


*Select R3 = Vref/583 juA. Vref may be any stable positive voltage > 2 V 
Trim R3 to calibrate 
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LM134/LM234/LM334 






LM134/LM234/LM334 


Absolute Maximum Ratings 







V + to V Forward Voltage 








LM134/LM234 


40V 






LM334/LM 1 34-3/LM 1 34-6/LM234-3/LM234-6 

30V 






V + to V - Reverse Voltage 


20V 






R Pin to V“ Voltage 


5V 






Set Current 


10 mA 






Power Dissipation 

200 mW 






Operating Temperature Range 








LM134/LM1 34-3/LM 134-6 

-55°C to +125°C 






LM234/LM234-3/LM234-6 

— 25°C to +100°C 






LM334 

0°C to +70° C 






Lead Temperature (Soldering, 10 seconds) 

300° C 






Electrical Characteristics (Note i> 









LM134/LM234 

LM334 



PARAMETER 

CONDITIONS 







UNITS 



MIN 

TYP 

MAX 


TYP 

MAX 


Set Current Error, V + = 2.5V, 

10/iA < l$ET < 1 mA 


m 

3 


m 

6 

% 

(Note 2) 

1 mA < IgET < 5 mA 


■ 

5 



8 

% 


2 nA< iset< ioma 


■ 

5 


H 

8 

% 

Ratio of Set Current to 

10/iA< ISET< 1 rnA 

14 

wm 

23 

14 

wm 

26 


V~ Current 

1 mA < IgET < 5 mA 


El 



El 




2 juA< lsET< 10juA 

14 

18 

23 

14 

18 

26 


Minimum Operating Voltage 

2MA<lsET<100juA 


0.8 



0.8 


V 


100 juA < IsET < 1 m A 


0.9 





V 


1 mA< IgET < 5 mA 


1.0 



1.0 


V 

Average Change in Set Current 

1 .5 < V + < 5V 


0.02 

0.05 


0.02 

0.1 

%/v 

with Input Voltage 

2(iA< lgET< 1 mA 









5V < V + < 40V 


0.01 

0.03 


0.01 

0.05 

%/v 


1.5V < V<5V 


0.03 



0.03 


%/v 


1 mA < IgET < 5 mA 









5V < V < 40V 


0.02 



0.02 


%/v 

Temperature Dependence of 

25juA< ISET< 1 m A 

0.96T 

T 

1.04T 

0.96T 

T 

1.04T 


Set Current (Note 3) 









Effective Shunt Capacitance 



15 



15 


pF 

Note 1 : Unless otherwise specified, tests are performed at T; = 25° C with pulse testing so that junction temperature does not change during test. 

Note 2: Set current is the current flowing into the V + pin. It is determined by the following formula: IsET = 

67.7 mV/R SET (@ 25°C). Set | 

current error is expressed as a percent deviation from this amount. IsET increases at 0.336%/°C @ T: = 25°C. 




Note 3: IsET IS directly proportional to absolute temperature (°K). IsET at an Y temperature can be calculated from: IgET = *o (T/T 0 ) where l 0 

is IgET measured at T 0 ( K). 



’ 
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Electrical Characteristics (Continued) (Notel) 


PARAMETER 

CONDITIONS 

LM 134-3, LM234-3 

LM 134-6, LM234-6 


Kuo 



■M3I 

■3231 

WTIY&M 


Set Current Error, V + = 2.5V, 

100juA<!sET<1 mA 



±1 



±2 

% 

(Note 2) 

Tj = 25° C 








v Equivalent Temperature Error 




±3 



±6 

°C 

Ratio of Set Current to V - 

Current 

100 juA < IgET < 1 mA 

14 

18 

26 

14 

18 

26 


Minimum Operating Voltage 

100 /iA IgET < 1 mA 


0.9 



0.9 


V 

Average Change in Set Current 

1.5 < V + < 5V 


0.02 

0.05 


0.02 

0.1 

%/M 

with Input Voltage 

100/iA< I S et< 1 mA 

5V < V + < 30V 


0.01 

0.03 


0.01 

0.05 

%/M 

Temperature Dependence of 

Set Current (Note 3) and 

100 /uA < IsET^ 1 mA 

0.98T 

T 

1.02T 

0.97T 

T 

1.03T 


Equivalent Slope Error 




+2 



±3 

% 

Effective Shunt Capacitance 



15 



15 


pF 


Typical Performance Characteristics 



Maximum Slew Rate for 
Linear Operation 


Start-Up 



10 100 Ik 

FREQUENCY (Hz) 


Transient Response 


1 pA lOpA 100 pA 1mA 10mA 

'SET 


10pA 

0 

100 pA 

UJ 0 

1mA 

0 

5V 

0V 











■ 

0 

a 

B 

■ 

sm 

■ 

B 


■ 

■ 


■ 

■ 













B 

B 


■ 

s 

S 

B 

■ 

SEE 

B 

B 


■ 


■ 

B 

■ 

B 

B 

B 

B 




■ 

■ 

■ 

B 





■ 

s 

■ 

B 

B 

SB 









Bfl 

B 

B 


■ 

■ 

■ 


U023B 

B 

B 

■ 


TIME (Note scale changes at each current level) 


1 

0 

-1 

5 

0 

-5 

10 

0 

-10 


B’ 






B 

i 

5 

B 

BI 

n 

KS3XD33 


kfi 




i| 


S' 

■ 

B 

fl 

Bi 


■ 


m 

B 

BI 

s 

s 


e 

B 

H 1 

A 


9 

i 

■ 

B 

B 

m 

iHitt 

■ 

B 

B 

B 

BI 


BBBB 

Bi 

J 

B 

B 

B 

A 


BE 









TIME (Note scale changes for each current) 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 
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LM134/LM234/LM334 

















LM134/LM234/LM334 


Typical Performance Characteristics (Continued) 


Turp-On Voltage 




10 mA 100 mA 1mA 10mA 

•set 


Application Hints 

The LM134 has been designed for ease of application, 
but a general discussion of design features is presented 
here to familiarize the designer with device characteris- 
tics which may not be immediately obvious. These 
include the effects of slewing, power dissipation, capa- 
citance, noise, and contact resistance. 

SLEW RATE 

At slew rates above a given threshold (see curve), the 
LM134 may. exhibit non-linear current shifts. The slew- 
ing rate at which this occurs is directly proportional to 
•SET- At ISET = 10|uA, maximum dV/dt is 0.01V//us; 
at ISET = 1 m A, the limit is IV/jus. Slew rates above 
the limit do not harm the LM134, or cause large currents 
to flow. 

THERMAL EFFECTS 

Internal heating can have a significant effect on current 
regulation for l$ET greater than 100 /iA. For example, 
each IV increase across the LM134 at l$ET = 1 mA will 
increase junction- temperature by 0.4°C in still air. 
Output current ( IsET) has a temperature coefficient of 
^ 0.33%/°C, so the change in current due to temperature 
rise will be (0.4) (0.33) = 0.132%. This is a 10:1 degrada- 
tion in regulation compared to true electrical effects. 
Thermal effects, therefore, must be taken into account 
when DC regulation is critical and IsET exceeds 100/iA. 
Heat sinking of the TO-46 package or the TO-92 leads 
can reduce this effect by more than 3:1. 

SHUNT CAPACITANCE 

In certain applications, the 15 pF shunt capacitance of 
the LM134 may have to be reduced, either because of 
loading problems or because it limits the AC output 
impedance of the current source. This can be easily 
accomplished by buffering the LM134 with an FET as 
shown in the: applications. This can reduce capacitance 
to less than 3 pF and improve regulation by at least an 
order of magnitude. DC characteristics (with the excep- 
tion of minimum input voltage), are not affected. 

NOISE 

Current noise generated by the LM134 is approximately 
4 times the shot noise of a transistor. If the LM134 is 
used oas an active load for a transistor amplifier, input 


referred noise will be increased by about 12 dB. In many 
cases, this is acceptable and a single stage amplifier can 
be built with a voltage gain exceeding 2000. 

LEAD RESISTANCE 


The sense voltage which determines operating current of 
the LM134 is less than 100 mV. At this level, thermo- 
couple or lead resistance effects should be minimized 
by locating the current setting resistor physically close 
to the device. Sockets should be avoided if possible. 
It takes only 0.712 contact resistance to reduce output 
current by 1% at the 1 mA level. 


SENSING TEMPERATURE 


The LM134 makes an ideal remote temperature sensor 
because its current mode operation does not lose 
accuracy over long wire runs. Output current is directly 
proportional to absolute temperature in degrees Kelvin, 
according to the following formula: 


I SET = 


(227 mV/°K)(T) 

Rset 


Calibration of the LM134 is greatly simplified because of 
the fact that most of the initial inaccuracy is due to a 
gain term (slope error) and not an offset. This means 
that a calibration consisting of a gain adjustment only 
will trim both slope and zero at the same time. In addi- 
tion, gain adjustment is a one point trim because the 
output of the LM134 extrapolates to zero at 0°K, 
independent of RsET or an Y initial inaccuracy. 



This property of the LM134 is illustrated in the accom- 
panying graph. Line abc is the sensor current before 
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Application Hints (Continued) 

trimming. Line a'b'c' is the desired output. A gain trim 
done at T2 will move the output from b to b' and will 
simultaneously correct the slope so that the output 
at T1 and T3 will be correct. This gain trim can be done 
on RSET or on the load resistor used to terminate the 
LM134. Slope error after trim will normally be less 
than ±1%. To maintain this accuracy, however, a low 
temperature coefficient resistor must be used for R$ET- 


A 33 ppm/°C drift of RsET will 9' ve a 1% slope error 
because the resistor will normally see about the same 
temperature variations as the LM134. Separating R$ET 
from the LM134 requires 3 wires and has lead resistance 
problems, so is not normally recommended. Metal film 
resistors with less than 20 ppm/°C drift are readily 
available. Wire wound resistors may also be used where 
best stability is required. 


Typical Applications (Continued) 

Low Output Impedance Thermometer 


V| N >4.8V 



^Output impedance of the LM134 at the "R" pin is 
Rq 

approximately „ where R 0 is the equivalent 

16 

external resistance connected to the V~ pin. This 
negative resistance can be reduced by a factor of 5 or 
more by inserting an equivalent resistor in series 
with the output. 


Low Output Impedance Thermometer 



V OUT =10mV/°K 

ZQUT^ 2n 


Higher Output Current 

+ V|N 



^Select R1 and Cl for optimum stability 
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LM134/LM234/LM334 



Typical Applications (Continued) 

Micropower Bias Low Input Voltage Reference Driver 




1.2V Reference Operates on 10 /iA and 2 V 1.2V Regulator with 1.8V Minimum Input 



^Select ratio of R1 to R2 to obtain zero temperature drift 


Select ratio of R1 to R2 for zero temperature drift 
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LM134/LM234/LM334 






LM134/LM234/LM334 


Schematic and Connection Diagrams 



TO-46 

Metal Can Package 
V + 



Pin 3 is electrically connected to case 

Order Number LM134H, LM134H-3, 
LM134H-6, LM234H, LM234H-3, 
LM234H-6 or LM334H 
See NS Package H03H 


TO-92 

Plastic Package 


V + R V” 



BOTTOM VIEW 


Order Number LM334Z, LM234Z-3 
or LM234Z-6 
See NS Package Z03A 
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£72 National Industrial/Automotive/ Functional 

Mjt Semiconductor Blocks/Telecommunications 


LM135/LM235/LM335, LM135A/LM235A/LM335A 
Precision Temperature Sensors 


General Description 

The L.M135 series are precision, easily-calibrated, inte- 
grated circuit temperature sensors. Operating as a 
2-terminal zener, the LM135 has a breakdown voltage 
directly proportional to absolute temperature at +10 mV/ 
°K. With less than 112 dynamic impedance the device 
operates over a current range of 400 /iA to 5 mA with 
virtually no change in performance. When calibrated 
at 25°C the LM135 has typically less than 1°C error 
over a 100°C temperature range. Unlike other sensors 
the LM135 has a linear output. 

Applications for the LM135 include almost any type of 
temperature sensing over a -55°C to +150°C temper- 
ature range. The low impedance and linear output 
make interfacing to readout or control circuitry espe- 
cially easy. 

The LM135 operates over a — 55°C to +150°C temper- 
ature range while the LM235 operates over a — 40°C 


to +125°C temperature range. The LM335 operates 
from -10°C to +100°C. The LM135/LM235/LM335 are 
available packaged in hermetic TO-46 transistor pack- 
ages while the LM235 and LM335 are also available 
in plastic TO-92 packages. 

Features 

■ Directly calibrated in °Kelvin 

■ 1°C initial accuracy available 

■ Operates from 400 juA to 5 mA 

■ Less than 112 dynamic impedance 

■ Easily calibrated 

■ Wide operating temperature range 

■ 200° C overrange 

■ Low cost 


Schematic Diagram 



Typical Applications 


Basic Temperature Sensor 


Calibrated Sensor 


Wide Operating Supply 


v + 
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LM135/LM235/LM335, LM135A/LM235A/LM335A 



LM135/LM235/LM335, LM135A/LM235A/LM335A 


Absolute Maximum Ratings 

Reverse Current 10 mA 

Forward Current 10 mA - 

Storage Temperature 

TO-46 Package -60°C to +180°C 

TO-92 Package -60° C to +150°C 

Specified Operating Temperature Range 

Continuous Intermittent 

LM135, LM135A -55°C to +150°C 150°Cto200°C 

LM235, LM235A ~40°C to +125°C 125°Cto 150°C 

LM335, LM335A ~10°C to +100° C 100°Cto 125°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Temperature Accuracy LM 135 /LM 235 , lmi35a/lm235a (Notei) 


PARAMETER 


CONDITIONS 


LM135A/LM235A 


MIN 


TYP MAX 


LM135/LM235 


MIN 


TYP MAX 


UNITS 


Operating Output Voltage 
Uncalibrated Temperature Error 
Uncalibrated Temperature Error 

Temperature Error with 25°C 
Calibration 

Calibrated Error at Extended 
Temperatures 

Non-Linearity 


Tc = 25°C, Ir = 1 mA 
Tq = 25°C, Ir = 1 mA 
TmIN<T C <T M AX- Ir = 1 rnA 
TmIN<T C <T M ax ( Ir = 1 mA 

Tc = T|\/i/\x (Intermittent) 

Ir = 1 mA 


2.97 


2.98 

0.5 

1.3 

0.3 


0.3 


2.99 

1 

2.7 

1 


0.5 


2.95 


2.98 

1 

2 

0.5 


0.3 


3.01 

3 

5 

1.5 


Temperature Accuracy LM335 , lm 335 a (Notei) 


PARAMETER 


CONDITIONS 


LM335A 


MIN 


TYP 


MAX 


LM335 


MIN 


TYP 


MAX 


UNITS 


Operating Output Voltage 
Uncalibrated Temperature Error 
Uncalibrated Temperature Error 

Temperature Error with 25°C 
Calibration 

Calibrated Error at Extended 
Temperatures 
Non-Linearity 


Tc = 25°C, Ir= 1 mA 
Tc = 25°C, Ir = 1 mA 
TMIN <Tc<TmaX.'IR = 1 mA 
TmIN<Tc<T M AX. Ir = 1 mA 

Tc = TmaX (Intermittent) 

Ir = 1 mA 


2.95 


2.98 

1 

2 

0.5 

2 

0.3 


3.01 

3 

5 

1 


1.5 


2.92 


2.98 

2 

4 

1 

2 

0.3 


3.04 

6 

9 

2 


1.5 


V 

°C 

°C 

°C 

°c 

°c 


Electrical Characteristics (Note 1) 


PARAMETER 

CONDITIONS 

LM135/LM235 

LM135A/LM235A 

LM335 

LM335A 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Operating Output Voltage 

400 nA < 1 r < 5 m A 


2.5 

10 


3 

14 

mV 

Change with Current 

At Constant Temperature 








Dynamic Impedance 

Ir = 1 mA 


0.5 



0.6 


S2 

Output Voltage Temperature 



+10 



+10 


mV/°C 

Drift 

\ ’ 








Time Constant 

Still Air 


80 



80 


sec 


lOOft/MinAir 


10 



10 


sec 

' 

Stirred Oil 


1 



1 


sec 

Time Stability 

Tc=125°C 


0.2 



0.2 


°C/khr 


Note 1: Accuracy measurements are made in a well-stirred oil bath. For other conditions, self heating must be considered. 
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THERMAL RESISTANCE (°C/W) VOLTAGE SWING (V) REVERSE VOLTAGE CHANGE (mV) 



Typical Performance Characteristics 


Reverse Voltage Change 


Calibrated Error 


Reverse Characteristics 



REVERSE CURRENT (mA) 


-55 -15 25 65 105 145 185 

TEMPERATURE (°C) 



12 3 4 

REVERSE VOLTAGE (V) 


Response Time 


Dynamic Impedance 


Noise Voltage 


I I 71 ' ■■ ■! ■ ' | 

_ Tj = 25 C_ Ti 





0 1 2 3 4 5 


10 100 Ik 10k 


Thermal Resistance 
Junction to Air 


Thermal Time Constant 


Thermal Response 
in Still Air 





AIR VELOCITY (FPM) 


0 400 800 1200 1600 2000 

AIR VELOCITY (FPM) 


Thermal Response in 
Stirred Oil Bath 


Forward Characteristics 




FORWARD CURRENT (mA) 


LM135/LM235/LM335, LM135A/LM235A/LM335A 





LM135/LM235/LM335, LM135A/LM235A/LM335A 


Application Hints 

CALIBRATING THE LM135 

Included on the LM135 chip is an easy method of 
calibrating the device for higher accuracies. A pot 
connected across the LM135 with the arm tied to the 
adjustment terminal allows a 1*point calibration of the 
sensor that corrects for inaccuracy over the full tem- 
perature range. 

This single point calibration works because the output 
of the LM135 is proportional to absolute temperature 
with the extrapolated output of sensor going to OV 
output at 0°K (-273.1 5°Ch Errors in output voltage 
versus temperature are only slope (or scale factor) 
so a slope calibration at one temperature corrects at 
all temperatures. 

The output of the device (calibrated or uncalibrated) 
can be expressed as: 

T 

VoUTt = v OUTt * — 

T o 

Typical Applications (Continued) 


where T is the unknown temperature and T 0 is a ref- 
erence temperature, both expressed in degrees Kelvin. 
By calibrating the output to read correctly at one 
temperature the output at all temperatures is correct. 
Nominally the output is calibrated at 10 mV/°K. 

To insure good sensing accuracy several precautions 
must be taken. Like any temperature sensing device, 
self heating can reduce accuracy. The LM135 should 
be operated at the lowest current suitable for the ap- 
plication. Sufficient current, of course, must be avail- 
able to drive both the sensor and the calibration pot 
at the maximum operating temperature. 

If the sensor is used in an ambient where the thermal 
resistance is constant, self heating errors can be cal- 
ibrated out. This is possible if the device is run with 
a temperature stable current. Heating will then be pro- 
portional to zener voltage and therefore temperature. 
This makes the self heating error proportional to ab- 
solute temperature the same as scale factor errors. 


Temperature Sensing Average Temperature Sensing Remote Temperature Sensing 



Wire length for 1° C error due to wire drop 


AWG 

l R * 1 mA 
FEET 

l R <= 0.5 mA 
FEET 

14 

4000 

8000 / 

16 

2500 

5000 

18 

1600 

3200 

20 

1000 

2000 

22 

625 

1250 

24 

400 

800 


Isolated Temperature Sensor 


LM335 
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Typical Applications (Continued) 

Simple Temperature Controller 




Ground Referred Fahrenheit Thermometer 


Centigrade Thermometer 


15V 



* Adjust R2 for 2.554V across LM336. 



Adjust R.1 for correct output. 


Fahrenheit Thermometer 



*To calibrate adjust R2 for 2.554V across LM336. 
Adjust R1 for correct output. 
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LM135/LM235/LM335, LM135A/LM235A/LM335A 



LM135/LM235/LM335, LM135A/LM235A/LM335A 


Typical Applications (Continued) 

THERMOCOUPLE COLD JUNCTION COMPENSATION 
Compensation for Grounded Thermocouple 


15V 



select R3 for proper thermocouple type 


THERMO- 

R3 

SEEBECK 

COUPLE 

COEFFICIENT 

J 

377 ft 

52.3 mV/°C 

T 

308ft 

42.8 mV/°C 

K 

293ft 

40.8 mV/°C 

s . 

45.8ft 

6.4 mV/°C 

Adjustments: 

Compensates for both sensor and resistor toler- 


'ances 

1 . Short LM329B 

2. Adjust R1 for Seebeck Coefficient times ambient temper- 
ature (in degrees K) across R3 

3. Short LM335 and adjust R2 for voltage across R3 corre- 
sponding to thermocouple type 

J 14.32 mV K 11.17 mV - 

T 11.79 mV S 1.768 mV 


Single Power Supply Cold Junction Compensation 


15V 



^Select R3 and R4 for thermocouple type 
THERMO- 

COUPLE 

R3 

R4 

J 

1.05K 

385ft 

T 

856ft 

315ft 

K 

816ft 

300ft 

S 

128ft 

46.3ft 


SEEBECK 

COEFFICIENT 

52.3 mV/° C 

42.8 mV/°C 

40.8 juV/° C 
6.4 juV/°C 


Adjustments: 

1. Adjust R1 for the voltage across R3 equal to the Seebeck 
Coefficient times ambient temperature in degrees Kelvin. 

2. Adjust R2 for- voltage across R4 corresponding to thermo- 
couple 


J 14.32 mV K 11.17 mV 

T 11.79 mV S 1.768 mV 


Centigrade Calibrated Thermocouple Thermometer 



Terminate thermocouple reference junction in close proximity 
to LM335. 

Adjustments: 

1 . Apply signal in place of thermocouple and adjust R3 for a 
gain of 245.7. 

2. Short non-inverting input of LM308A and output of 
LM329B to ground. 

3. Adjust R1 so that V 0 UT = 2.982V @ 25°C. 

4. Remove short across LM329B and adjust R2 so that VquT “ 
246 mV @ 25° C. 

5. Remove short across thermocouple. 
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Typical Applications (Continued) 


Fast Charger for Nickel-Cadmium Batteries 


Differential Temperature Sensor 


LM335 A LM335 M 20k 



t Adjust D1 to 50 mV greater V£ than D2. 

Charge terminates on 5°C temperature rise. Couple D2 to battery. 


Differential Temperature Sensor 


Variable Offset Thermometer* 



6 1 OUTPUT 
w 100 mV/°C 



1 Adjust for zero with sensor at 0°C and 10T pot set at 0°C £ 75k 

* Adjust for zero output with 10T pot set at 100°C and sensor 
.at 100°C 

■^Output reads difference between temperature and dial setting 
of 10T pot 


Ground Referred Centigrade Thermometer 


Air Flow Detector* 


18k 5k I 2 k 


>6k __j_100pF 



Self heating is used to detect air flow 


LM135/LM235/LM335, LM135A/LM235A/LM335A 



LM135/LM235/LM335, LM135A/LM235A/LM335A 


Definition of Terms 

Operating Output Voltage: The voltage appearing across 
the positive and negative terminals of the device at spec- 
ified conditions of operating temperature and current. 

Uncalibrated Temperature Error: The error between 
the operating output voltage at 10 mV/°K and case 
temperature .at specified conditions of current and 
case temperature. 

Connection Diagrams 

TO-92 

Plastic Package 



BOTTOM VIEW 


Order Number LM235Z, LM335Z 
or LM335AZ 
See NS Package Z03A 


Calibrated Temperature Error: The error between oper- 
ating output voltage and case temperature at 10mV/°K 
over a temperature range at a specified operating current 
with the 25°C error adjusted to zero. 


TO-46 

Metal Can Package* 



BOTTOM VIEW 


*Case is connected to negative pin 

Order Number LM135H, LM235H, 
LM335H, LM135AH, LM235AH 
or LM335AH 
See NS Package H03H 
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LM555/LM555C Timer 

General Description 

The LM555 is a highly stable device for generating 
accurate time delays or oscillation. Additional terminals 
are provided for triggering or resetting if desired. In the 
time delay mode of operation, the time is precisely con- 
trolled by one external resistor and capacitor. For astable 
operation as an oscillator, the free running frequency and 
duty cycle are accurately controlled with two external 
resistors and one capacitor. The circuit may be triggered 
and reset on falling waveforms, and the output circuit 
can source or sink up to 200 mA or drive TTL circuits. 


Features 

■ Direct replacement for SE555/NE555 

■ Timing from microseconds through hours 

■ Operates in both astable and monostable modes 


■ Adjustable duty cycle 

■ Output can source or sink 200 mA 

■ Output and supply TTL compatible 

o Temperature stability better than 0.005% per 

■ Normally on and normally off output 


Applications 


Precision timing 
Pulse generation 
Sequential timing 
Time delay generation 
Pulse width modulation 
Pulse position modulation 
Linear ramp generator 


Schematic Diagram 


CONTROL \ 
VOLTAGE 




Connection Diagrams 


Oual-ln-Line Package 


Metal Can Package 



Order Number LM555H. LM555CH 
See NS Package H08C 



Order Number LM555CN 
See NS Package N08B 
Order Number LM555J or LM555CJ 
See NS Package J08A 
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LM555/LM555C 


Absolute Maximum Ratings 

Supply Voltage +18V 

Power Dissipation (Note 1) 600 mW 

Operating Temperature Ranges 

LM555C 0°C to +70°C 

LM555 — 55°C to +125°C 

Storage Temperature Range ~65°C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (T a = 25°C, V cc = +5V to +15V, unless otherwise specified) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LM555 j 

LM555C | 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Supply Voltage 


4.5 . 


18 

4.5 


16. 

V 

Supply Current 

V cc “5V, R u =°° 


3 

5 


3 

6 

mA 


V cc = 15V, R L =°o 


10 

12 


10 

15 

mA 


(Low State) (Note 2) 








Timing Error, Monostabie 









Initial Accuracy 



0.5 

2 


1 


% 

Drift with Temperature 

R a , R b = Ik to 100 k, 


30 



50 


ppm/°C 


C = 0.1/iF, (Note 3) 


. 






Accuracy over Temperature 



1.5 

3.0 


1.5 


% 

Drift with Supply 



0.05 

0.2 


0.1 


%/v 

Timing Error, Astable 









Initial Accuracy 



1.5 

5 


2.25 

7 

% 

Drift with Temperature 



90 



150 


ppm/°C 

Accuracy over Temperature 



2.5 



3.0 


: % 

Drift with Supply 



0.15 

0.2 


0.30 

0.5 

%/v 

Threshold Voltage 



0.667 



0.667 


x V C c 

Trigger Voltage 

V cc = 15V 

4.8 

5 

5.2 


5 


V 


V cc = 5V 

1.45 

1.67 

1.9 -i 

' 

1.67 


V 

Trigger Current 



0.01 

0.5 


0.5 

0.9 

mA 

Reset Voltage 


0.4 

0.5 

1 

0.4 

0.5 

1 

V 

Reset Current 



0.1 

0.4 


0.1 

0.4 

mA 

Threshold Current . 

(Note 4) 


0.1 

0.25 


0.1 

0.25 

pA 

Control Voltage Level 

V cc = 15V 

9.6 

' 10 

10.4 

9 

10 

11 

V 


V cc = 5V 

2.9 

3.33 

3.8 

2.6 

3.33 

4 

V 

Pin 7 Leakage Output High 



1 

100 


1 

100 

nA 

Pin 7 Sat (Note ‘5) 









Output Low 

V cc = 15V, l 7 = 15 mA 


150 



180 


mV 

Output Low 

V cc - 4.5V, l 7 = 4.5 mA 


70 

100 


80 

200 

mV 

Output Voltage Drop (Low) 

V cc “ 15V 









•sink = 10 m A 


0.1 

0.15 


0.1 

0.25 

V 


•sink = 50 mA 


0.4 

0.5 


0.4 

0.75 

V 


•sink = 100 mA 


2 

2.2 


2 

2.5 

V 


•sink = 200 mA 


2.5 



2.5 


V 


V cc = 5V 









•sink ~ 8 mA 


0.1 

0.25 




V 


•sink = 5 mA 





0.25 

0.35 

V 

Output Voltage Drop (High) 

•source, = 200 mA, V C c = 15V 


12.5 



12.5 


V 


•source = 100 mA, V C c = 15V 

13 

13.3 


, 12.75 

13.3 


V 


V cc = 5V 

3 

3.3 


2.75 

3.3 . 


V 

Rise Time of Output 



100 



100 


ns 

Fall Time of Output 



100 



100 


ns 


Note 1: For operating at elevated temperatures the device must be derated based on a +150°C maximum junction temperature and a thermal 
resistance of +45° C/W. junction to case for TO-5 and +150°C/W junction to ambient for both packages. 

Note 2: Supply current when output high typically 1 mA less at Vqc = 5V. 

Note 3: Tested at Vqc = 5V and Vcc - 1 5V. 

Note 4: This will determine the maximum value of + Rg for 15V operation. The maximum total (R/\ + Rg) is 20 M£2. 

Note 5: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded. 
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LM555/LM555C 


Applications Information 

MONOSTABLE OPERATION 

In this mode of operation, the' timer functions as a 
one-shot ( Figure 1). The external capacitor is initially 
held discharged by a transistor inside the timer. Upon ap- 
plication of a negative trigger pulse of less than 1/3 V cc 
to pin 2, the flip-flop is set which both releases the short 
circuit across the capacitor and drives the output high. 



The voltage across the capacitor then increases exponen- 
tially for a period of t = 1.1 R A C, at the end of which 
time the voltage equals 2/3 V cc . The comparator then 
resets the flip-flop which in turn discharges the capacitor 
and drives the output to its low state. Figure 2 shows 
the waveforms generated in this mode of operation. 
Since the charge and the threshold level of the com- 
parator are both directly proportional to supply voltage, 
the timing internal is independent of supply. 



V CC = 5V Top Trace: Input SV/Oiv. 

TIME = 0.1 ms/DIV. Middle Trace. Output 5V/0i». 

R A ° 9 1k£2 Bottom Trace: Capacitor Voltage 2V/Div. 

C = O.OImF 

FIGURE 2. Monostable Waveforms 

During the timing cycle when the output is high, the 
further application of a trigger pulse will not effect the 
circuit. However the circuit can be reset during this time 
by the application of a negative pulse to the reset 
terminal (pin 4). The output will then remain in the low 
state until a trigger pulse is again applied. 

When the reset function is not in use, it is recommended 
that it be connected to V cc to avoid any possibility of 
false triggering. 

Figure 3 is a nomograph for easy determination of R, C 
values for various time delays. 

NOTE: In monostable operation, the trigger should be 
driven high before the end of timing cycle. 

ASTABLE OPERATION 

If the circuit is connected as shown in Figure 4 (pins 2 
and 6 connected) it will trigger itself and free run as a 



10/js lOOps 1 ms 10 ms 100 ms 1 $ 10 s 100 s 
t d - TIME DELAY 

FIGURE 3. Time Delay 

multivibrator. The external capacitor charges through 
R a + R b and discharges through R B . Thus the duty 
cycle may be precisely set by the ratio of these two 
resistors. 



In this mode of operation, the capacitor charges and 
discharges between 1/3 V cc and 2/3 V cc . As in the 
triggered mode, the charge and discharge times, and there- 
fore the frequency are independent of the supply voltage. 

Figure 5 shows the waveforms generated in this mode 
of operation. 
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Vcc“5V Top Tract: Output BV/Div. 

TIME 1 2IWDIV. Bottom Trtct: Cipacitor Voltage IV/Dw. 
R A « 3.9 kfi 
Rb - 3 kti > 

C = O.OIjjF 

FIGURE 5. Astable Waveforms 

The charge time (output high) is given by: 

t-j = 0.693 (R a + R b ) C 

And the discharge time (output low) by: 

t 2 = 0.693 (R b )C 

Thus the total period is: 

T = t, +t 2 =0.693 (R a +2R b )C 
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Applications Information (Continued) 

The frequency of oscillation is: 

1_ 1.44 

~t"(R a + 2R b )C 

Figure 6 may be used for quick determination of these 
RC values. 

R B 

The duty cycle is: D = 

R a 2 R B 



0.1 1 10 100 Ik 10k 100k 


f - FREE-RUNNING FREQUENCY (Hz) 

' FIGURE 6. Free Running Frequency 

FREQUENCY DIVIDER 

The monostable circuit of Figure 1 can be used as a 
frequency divider by adjusting the length of the timing 
cycle. Figure 7 shows the waveforms generated in a 
divide by three circuit. 



Vcc = 5V Top Trace: Input 4V/0iv. 

TIME = 2IW0IV. Middle Trace: Output 2V/0iv. 

R a - 9.1 kit Bottom Trace: Capacitor 2V/0iv. 

C = O.OlpF 

FIGURE 7. Frequency Divider 
PULSE WIDTH MODULATOR 

When the timer is connected in the monostable mode 
and triggered with a continuous pulse train, the output 
pulse width can be modulated by a signal applied to pin 
5. Figure 8 shows the circuit, and in Figure 9 are some 
waveform examples. 



FIGURE 8. Pulse Width Modulator 



V cc = 5V Top Trace: Modulation 1 V/Div. 

TIME = 0.2 ms/DIV, Bottom Trace: Output 2V/Div. 

R a = 9.1 kfi 
C - 0.0 Ip F 

FIGURE 9. Pulse Width Modulator 


PULSE POSITION MODULATOR 

This application uses the timer connected for astable 
operation, as in Figure 10, w ith a modulating signal 
again applied to the control voltage terminal. The pulse 
position varies with the modulating signal, since the 
threshold voltage and hence the time delay is varied. 
Figure 1 1 shows the waveforms generated for a triangle 
wave modulation signal. 



FIGURE 10. Pulse Position Modulator 



Vcc = 5V 

TIME =• D.1 ms/DIV. 
R a « 3.9 kil 
R B * 3 kit 

c*o.ovf 


Top Trace: Modulation Input 1 V/Div. 
Bottom Trace: Output 2V/Div. 


FI.GURE 11. Pulse Position Modulator 


LINEAR RAMP 

When the pullup resistor, R A , in the monostable circuit 
is replaced by a constant current source, a linear ramp is 
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Applications information (Continued) 

generated. Figure 12 shows a circuit configuration that 
will perform this function. 


TRIGGER O— 



Figure 13 shows waveforms generated by the linear ramp. 
The time interval is given by: 

2/3'Vcc Re (Ri + R 2 )C 
” Ri Vcc-Vbe (Ri + R 2 ) 

V pc ~ 0.6V 



V CC = 5V Top Trace: Input 3V/0iv. 

TIME = 20/js/DIV. Middle Trace: Output SV/Oiv. 

R, = 47 kS2 Bottom Trace: Capacitor Voltage IV/Oiv. 


FIGURE 13. Linear Ramp 

50% DUTY CYCLE OSCILLATOR 

For a 50% duty cycle, the resistors R A and R B may be 
connected as in Figure 14. The time period for the out- 


put high is the same as previous, ti = 0.693 R A C. 
For the output low it is t 2 = 


[(Ra Rb)/(Ra + Rb)1 CLn 


Thus the frequency of oscillation is f = - 



FIGURE 14. 50% Duty Cycle Oscillator 

Note that this circuit will not oscillate if R B is greater 
than 1/2 R A because the junction of R A and R B cannot 
bring pin 2 down to 1/3 V cc and trigger the lower 
comparator. 

ADDITIONAL INFORMATION 

Adequate power supply bypassing is necessary to protect 
associated circuitry. Minimum recommended is 0.1/uF in 
parallel with 1/uF electrolytic. 

Lower comparator storage time can be as long as 10/us 
when pin 2 is driven fully to ground for triggering. This 
limits the monostable pulse width to 10/us minimum. 

Delay time reset to output is 0.47/us typical. Minimum 
reset pulse width must be 0.3/us, typical. 

Pin 7 current switches within 30 ns of the output 
(pin 3) voltage. 
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LM556/LM556C Dual Timer 


General Description 

The LM556 Dual timing circuit is a highly stable 
controller capable of producing accurate time delays 
or oscillation. The 556 is a dual 555. Timing is provided 
by an external resistor and capacitor for each timing 
function. The two timers operate independently of each 
other sharing- only V^c and ground. The circuits may be 
triggered and reset on falling waveforms. The output 
structures may sink or source 200 mA. 

Features 

■ Direct replacement for SE556/NE556 

■ Timing from microseconds through hours 

■ Operates in both astable and monostable modes 

■ Replaces two 555 timers 


■ Adjustable duty cycle 

■ Output can source or sink 200 mA 

■ Output and supply TTL compatible 

■ Temperature stability better than 0.005% per °C 

■ Normally on and normally off output 

Applications 

■ Precision timing 

■ Pulse generation 

■ Sequential timing 

■ Time delay generation 

■ Pulse width modulation 

■ Pulse position modulation 

■ Linear ramp generator 


Schematic Diagram 



Connection Diagram 


Dual-In-Line Package 



TOP VIEW 


Order Number LM556CN 
See NS Package N14A 

Order Number LM556J or LM556CJ 
See NS Package J14A 
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Absolute Maximum Ratings 

Supply Voltage +18V 

Power Dissipation (Note 1) 600 mW 

Operating Temperature Ranges 

LM556C 0°C to +70°C 

LM556 -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (T a = 25°C, V cc = +5V to +15V, unless otherwise specified) 


PARAMETER 

r-~" 

CONDITIONS 

LM556 ( 

LM556C 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Supply Voltage 


4.5 


18 

4.5 


16 

V 

Supply Current 

V cc = 5V,R l =~ 


3 

5 


3 

6 

mA 

(Each Timer Section) 

V cc = 15V, R u »« 

(Low State) (Note 2) 


10 

11 


10 

14 

mA 

Timing Error, Monostable 









Initial Accuracy 



0.5 

1.5 


0.75 

5.0 

% 

Drift With Temperature 

R a , R b = Ik to 100k, C = O.ljuF, 
(Note 3) 


30 



50 


ppm/°C 

Accuracy Over Temperature 



1.5 

5 


1.5 


% 

Drift with Supply 



0.05 , 

0.2 


0.1 

0.4 

%/V 

Timing Error, Astable 









Initial Accuracy 



1.5 



2.25 

7 

% 

Drift With Temperature 



90 



150 


ppm/°C 

Accuracy Over Temperature 



2.5 



3.0 


% 

Drift With Supply 



0.15 

0.2 


0.30 


%/V 

Trigger Voltage 

V cc = 15V 

4.8 

5 

5.2 

4.5 

5 

0.5 

V 


V cc = 5V 

1.45 

1.67 

1.9 

1.25 

1.67 

2.0 

V 

Trigger Current 



0.1 

0.5 


0.2 

1.0 

PA 

Reset Voltage 

(Note 4) 


0.5 

1 

0.4 

0.5 

1 

V 

Reset Current 



0.1 

0.4 


0.1 

0.6 

mA 

Threshold Current 

(Note 5) 

’ l 

0.03 

0.1 


0.03 

0.1 

PA 

Control Voltage Level And 

V cc = 15V 


10 

10.4 

9 

10 

11 

V 

Threshold Voltage 

V cc = 5V 

mm 

3.33 

3.8 

2.6 

3.33 

4 

V 

Pin 1, 13 Leakage Output High 



A 

100 


1 

100 

nA 

Pin 1, 13 Sat 

(Note 6) 








Output Low 

V cc = 15V, 1 = 15 mA 


150 

240 


180 

300 

mV 

Output Low 

V cc = 4.5V, 1 = 4.5 mA 


70 

100 


80 

200 

mV 

Output Voltage Drop (Low) 

V cc = 15V 

•sink = 10 mA 


0.1 

0.15 


0.1 

0.25 

V 


■sink = 50 mA 


0.4 

0.5 



0.75 

V 


•sink = 100 mA 


2 

2.25 



2.75 

V 


•sink = 200 mA 

V cc - 5V 


2.5 

j 


H 


V 


•sink = 8 mA 


0.1 

0.25 




V 


•sink = 5 mA 





0.25 

0.35 

V 

Output Voltage Drop (High) 

•source - 200 mA, V cc - 15V 


12.5 



12.5 


V 


•source = 100 mA, V cc - 15V 

13 

13.3 


12.75 

13.3 


V 


. Vcc - 5V 


3.3 


2.75 

3.3 


V 

Rise Time of Output 


1 ' - 

100 



100 


ns 

Fall Time of Output 

Matching Characteristics 

(Note 7) 

m 

100 



100 


ns 

Initial Timing Accuracy 



0.05 

0.2 


0.1 

KB. 

% 

Timing Drift With temperature 


■ 

±10 



±10 

■ 

ppm/°C 

Drift With Supply Voltage 



0.1 

0.2 


0.2 

■ 

%/V 


Note 1: For operating at elevated temperatures the device must be derated based on a +150° C maximum junction temperature and a thermal 
resistance of +150° C/W junction to ambient for both packages. 

Note 2: Supply current when output high typically 1 mA less at Vqq “ 5V. 

Note 3: Tested at Vqc = 5 V and Vqq = 15V. 

Note 4: As reset voltage lowers, timing is inhibited and then the output goes low. 


Note 5: This will determine the maximum value of + Rb f° r 15V operation. The maximum total (R/\ + Rg) is 20 MSI. 

Note 6: No protection against excessive pin 1, 13 current is necessary providing the package dissipation rating will not be exceeded. 


Note 7: Matching characteristics refer to the difference between performance characteristics of each timer section. 
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National Industrial/Automotive/ Functional 

Semiconductor Blocks/Telecommunications 


LM565/LM565C Phase Locked Loop 


General Description 

The LM565and LM565C are general purpose phase 
locked loops containing a stable, highly linear volt- 
age controlled oscillator for low distortion FM 
demodulation, and a double balanced phase detec- 
tor with good carrier suppression. The VCO fre- 
quency is set with an external resistor and capa- 
citor, and a tuning range of 10:1 can be obtained 
with the same capacitor. The characteristics of the 
closed loop system— bandwidth, response speed, 
capture and pull in range— may be adjusted over a 
wide range with an external resistor and capacitor. 
The loop may be broken between the VCO and 
the phase detector for insertion of a digital fre- 
quency divider to obtain frequency multiplication. 

The LM565H is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM565CH and LM565CN are specified for opera- 
tion over the 0°C to +70°C temperature range. 

Features 

■ 200 ppm/°C frequency stability of the VCO 


Schematic and Connection Diagrams 


■ Power supply range of ±5 to ±12 volts with 
100 ppm/% typical 

■ 0.2% linearity of demodulated output 

■ Linear triangle wave with in phase zero crossings 
available 

■ TTL and DTL compatible phase detector input 
and square wave output 

■ Adjustable hold in range from ±1% to > ±60%. 

Applications 

■ Data and tape synchronization 

■ Modems 

■ FSK demodulation 

■ FM demodulation 

■ Frequency synthesizer 

■ Tone decoding 

■ Frequency multiplication and division 

■ SCA demodulators 

■ Telemetry receivers 

■ Signal regeneration 

■ Coherent demodulators. 






i 7 

Metal Can Package 

6-v« 

Dual-1 n-Une Package 

jjT ^ CAPACITOR 


i " ut Oi Sh 



VCO # ["" | | 11 

|. WT h) fr LX/y\ VCO CONTROL 

OUmiT 1 VC0 I " C 

V-/ *-) L- yJJ V0LTACC 

VCO IIWUT _ 1 | L. _ “ 

VCO OUT 

OUTPUT j | | J CAPACITOR 

PHASE COMPARATOR 

VCO INPUT 

VCO CONTROL _ 1 . 1 L •_TIMWC 

V0 IT A0 E 1 L_3 T RESISTOR 

Order Number LM565H or LM565CH 

TOP VIEW 

Order Number LM565CN 

See NS Package H10C 

See NS Package N14A 
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Absolute Maximum Ratings 








Supply Voltage 

Power Dissipation (Note 1) 
Differential Input Voltage 
Operating Temperature Range 

Storage Temperature Range 
Lead Temperature (Soldering, 

±12V 

300 mW 

t ±1V 

LM565H -55° C to +125° C 

LM565CH, LM565CN 0°C to 70°C 

-65°C to +150°C 

10 sec) 300° C 






Electrical Characteristics iac Test circuit, t 

A = 25°C, V c = ±6V) 




PARAMETER 

CONDITIONS 

LM565 

LM565C 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Power Supply Current 



8.0 

12.5 


8.0 

12.5 

mA 

Input Impedance (Pins 2, 3) 

— 4V < V 2 , V 3 < 0V 

7 

10 



5 


k£2 

VCO Maximum Operating 
Frequency 

C 0 = 2.7pF 

300 

500 


250 

500 


kHz 

Operating Frequency 
^Temperature Coefficient 



-100 

300 


-200 

500 

ppm/°C 

Frequency Drift with 

Supply Voltage 



0.01 

0.1 


0.05 

0.2 

%/V 

Triangle Wave Output Voltage 


2 

2.4 

3 

2 

2.4 

3 

V p .p 

Triangle Wave Output Linearity 



0.2 

0.75 


0.5 

1 

% 

Square Wave Output Level 


4.7 

, 5.4 


4.7 

5.4 


Vp-p 

Output Impedance (Pin 4) 



5 



5 


kn 

Square Wave Duty Cycle 


45 

50 

55 

40 

50 

60 

% 

Square Wave Rise Time 



20 

100 


20 


ns 

Square Wave Fall Time 



50 

200 


50 


ns 

Output Current Sink (Pin 4) 


0.6 

1 


0.6 

1 


mA 

VCO Sensitivity 

f Q = 10 kHz 

6400 


6800 

6000 

6600 

7200 

Hz/V 

Demodulated Output Voltage 
(Pin 7) 

±10% Frequency Deviation 

250 


350 


300 

400 

mVpp 

Total Harmonic Distortion 

±10% Frequency Deviation 


0.2 

0.75 


0.2 

1.5 

% 

Output Impedance (Pin 7) 



3.5 



3.5 


kft 

DC Level (Pin 7) 


4.25 

4.5 

4.75 

4.0 

4.5 

5.0 

V 

Output Offset Voltage 

iv 7 -v 6 l 




100 


50 

200 

mV 

Temperature Drift of IV 7 - V 6 1 






500 


mv/°c 

AM Rejection 


30 




40 


dB 

Phase Detector Sensitivity K D 


0.6 

.68 

0.9 

0.55 

.68 

0.95 

V/radian 

Notel: The maximum junction temperature of the LM565 is 150°C, while that of the LM565C 
and LM565CN is 100°C. For operation at elevated temperatures, devices in the TO-5 package must 
be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case. 

Thermal resistance of the dual-in-line package is 100°C/W. 
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Typical Applications 
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LM565/LM565C 


. Applications Information 

In designing with phase locked loops such as the 
LM565, the important parameters of interest are: 

FREE RUNNING FREQUENCY 
f ° ~ 3.7 R 0 C 0 

LOOP GAIN: relates the amount of phase change 
between the input signal and the VCO signal for a 
shift in input signal frequency (assuming the loop 
remains in lock). In servo theory, this is called 
the “velocity error coefficient". 

Loop gain = K 0 K D (^j 

( radians/sec\ 

— volt / 

/ volts \ 

K D = phase detector sensitivity l r adia~n / 


The loop gain of the LM565 is dependent on 
supply voltage, and may be found from: 


K 0 K D 


33.6 f Q 

' v c 


f Q = VCO frequency in Hz 

V c = total supply voltage to circuit. 


Loop gain may be reduced by connecting a resistor 
between pins 6 and 7 ; this reduces the load imped- 
ance on the output amplifier and hence the loop 
gain. 

HOLD IN RANGE: the range of frequencies that 
the loop will remain in lock after initially being 
locked. 



f Q = free running frequency of VCO 
V c = total supply voltage to the circuit. 


THE LOOP FILTER 

In almost all applications, it will be desirable to 
filter the signal at the output of the phase detector 
(pin 7) this filter may take one of two forms: 



Simple Lag Filter Lag-Lead Filter 


A simple lag filter may be used for wide closed 
loop bandwidth applications such as modulation 
following where the frequency deviation of the 
carrier is fairly high (greater than 10%), or where 
wideband modulating signals must be followed. 


The natural bandwidth of the closed loop response 
may be found from: 

_ _1 / KqKd 
T " 2 Try R-iC, 

Associated with this is a damping factor: 

s - 1 / 1 

2 V R-|C, K„Kd 

For narrow band applications where a narrow noise 
bandwidth is desired, such as applications involving 
tracking a slowly varying carrier, a lead lag filter 
should be used. In general, if 1/F^Cj < K 0 K d , 
the damping factor for the loop becomes quite 
small resulting in large overshoot and possible 
instability in the transient response of the loop. 
In this case, the natural frequency , of the loop 
may be found from 

= J_ j K q K d ~ 
n 2 t r Tt + r 2 

T 1 + r 2 = (Rl + R 2 ) Cl 


R 2 is selected to produce a desired damping factor 
6, usually between 0.5 and 1.0. The damping 
factor is found from the approximation: 

5 ^ 77 r 2 f n 

These two equations are plotted for convenience. 
10 4 


10 3 


10 2 


10 1 

10- 4 10- 3 iir 2 10- 1 1 10 

r, + t 2 (sec) 

Filter Time Constant vs Natural Frequency 




Pamping Time Constant vs Natural Frequency 


Capacitor C 2 should be much smaller than C-j since 
its function is to provide filtering of carrier. In 
general C 2 < 0.1 C-j. 
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National Industrial/Automotive/Functional 
Semiconductor Blocks/Telecommunications 


LM566/LM566C Voltage Controlled Oscillator 


General Description 

The LM566/LM566C are general purpose voltage 
controlled oscillators which may be used to gener- 
ate square and triangular waves, the frequency of 
which is a very linear function of a control volt- 
age. The frequency is also a function of an external 
resistor and capacitor. 

The LM566 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM566C is specified for operation over the 0°C 
to +70°C temperature range. 

Features 

■ Wide supply voltage range: 10 to 24 volts 

■ Very linear modulation characteristics 


■ High temperature stability 

■ Excellent supply voltage rejection 

■ 10 to 1 frequency range with fixed capacitor 

■ Frequency programmable by means of current, 
voltage, resistor or capacitor. 

Applications 

■ FM modulation 

■ Signal generation 

■ Function generation 

■ Frequency shift keying 

■ Tone generation 


Schematic and Connection Diagrams 



Dual-ln-Line Package 



8 V cc 

7 TIMING CAPACITOR 

6 TIMING RESISTOR 

s MODULATION.. 
INPUT 


Order Number LM566CN 
See NS Package N08B 


Typical Application 


1 kHz and 10 kHz TTL Compatible 
Voltage Controlled Oscillator 



Applications Information 

The LM566 may be operated from either a single supply 
as shown in this test circuit, or from a split (±) power 
supply. When operating from a split supply, the square 
wave output (pin 4) is TTL compatible (2 mA current 
sink) with the addition of a 4.7 kS2 resistor from pin 3 to 
ground. 

A .001 nF capacitor is connected between pins 5 arid 6 
to prevent parasitic oscillations that may occur during 
VCO switching. 

2(V+-V 5 ) 
f °~ R 1 C 1 V + 
where 

2K< R, < 20K 

and V 5 is voltage between pin 5 and pin 1 
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LM566/LM566C 


Absolute Maximum Ratings 


Power Supply Voltage 
Power Dissipation (Note 1) 

Operating Temperature Range LM566 
LM566C 

Lead Temperature (Soldering, 10 sec) 


26V 
300 mW 
-55° C to +125°C 
0°C to 70° C 
300°C 


Electrical Characteristics v rr . = 12V, t a = 25 c, ac Test circuit 
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AC OUTPUT VOLTAGE PIN 4 (V P1> ) FREQUENCY CHANGE (%) SUPPLY CURRENT (mA) RESISTANCE R1 (n) 



LM566/LM566C 






a 


National Industrial/Automotive/ Functional 
Semiconductor Blocks/Telecommunications 


LM567/LM567C Tone Decoder 

General Description 

The LM567 and LM567C are general purpose tone ■ 

decoders designed to provide a saturated transistor ■ 

switch to ground when an input signal is present m 

within the passband. The circuit consists of an I 
and Q detector driven by a voltage controlled 
oscillator which determines the center frequency 
of the decoder. External components are used to _ 

independently set center frequency, bandwidth A 

and output delay. 


Features 

■ 20 to 1 frequency range with an external resistor 

■ Logic compatible output with 100 mA current 
sinking capability 

■ Bandwidth adjustable from 0 to 14% 


High rejection of out of band signals and noise 
Immunity to false signals 
Highly stable center frequency 
Center frequency adjustable from 0.01 Hz to 
500 kHz . . 


Applications 


Touch tone decoding 

Precision oscillator 

Frequency monitoring and control 

Wide band FSK demodulation 

Ultrasonic controls 

Carrier current remote controls 

Communications paging decoders 


Schematic and Connection Diagrams 


Metal Can Package 


Dual-In-Line Package 




Order Number LM567H or LM567CH 
See NS Package H08C 


Order Number LM567CN 
See NS Package N08B 







Absolute Maximum Ratings 

Supply Voltage Pin 10V 

Power Dissipation (Note 1) 300 mW. 

V 8 15V 

V 3 -10V 

V 3 V 8 + 0.5V 

Storage Temperature Range -65°C to +150°C 

Electrical Characteristics (act«c„»«.t a .2s'c,v c -5v> 

PARAMETERS 

CONDITIONS 

LM567 

LM567C/LM567CN 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Power Supply Voltage Range 


4.75 

5.0 

9.0 

4.75 

5.0 

9.0 

V 

Power Supply Current 

R l = 20k 








Quiescent 



6 

8 ' 


7 

10 

mA 

Power Supply Current 

R l = 20k 








Activated 



11 

13 


12 

15 

mA 

Input Resistance 


18 

20 

22 

15 

20 

25 

kL2 

Smallest Detectable Input Voltage 

l L = 100 mA, f, = f D 


20 

25 


20 

25 

mVrms 

Largest No Output Input Voltage 

l c = 100 mA, f,= f 0 

10 

15 


10 

15 


mVrms 

Largest Simultaneous Outband Signal to Inband Signal Ratio 



6 



6 


dB 

Minimum Input Signal to Wideband Noise Ratio 

B n = 140 kHz 


-6 



-6 


dB • 

Largest Detection Bandwidth 


12 

14 

16 

10 

14 

18 

% of f Q 

Largest Detection Bandwidth Skew 



1 

2 


2 

3 

% of f Q 

Largest Detection Bandwidth Variation with Temperature 



±0.1 

0.25 


±0.1 

0.5 

%/°C 

Largest Detection Bandwidth Variation with Supply Voltage 

4.75V - 6.75V 


±1 

±2 


±1 

±5 

%V 

Highest Center Frequency 


100 

500 


100 

500 


kHz 

Center Frequency Stability 

0 < T A < 70 


35 ± 60 



35 ±60 


ppm/ a C 


-55 < T A < +125 


35 ± 140 



35± 140 


ppm/°C 

Center Frequency Shift with Supply Voltage 

4.75V -6.75V 


0.5 

1.0 


0.4 

2.0 

%/V 

Fastest ON-OFF Cycling Rate 



f o /20 



f o /20 



Output Leakage Current 

V 8 = 15V 


0.01 

25 


0.01 

25 

ma 

Output Saturation Voltage 

e, = 25 mV, 


0.2 

0.4 


0.2 

0.4 

V 


l 8 = 30 mA 



! 






e, = 25 mV, 


0.6 

1.0 


0.6 

1.0 



l 8 = 100 mA 








Output Fall Time 



30 



30 


ns 

Output Rise Time 



150 



150 


ns 


Note 1: The maximum junction temperature of the LM567 is 150° C, while that of the LM567C and LM567CN is 100°C. 
For operating at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 
150°C/W, junction to ambient or 45°C/W, junction to case. For the DIP the device must be derated based on a thermal 
resistance of 187°C/W, junction to ambient. 


L 
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Typical Applications 


Touch-Tone Decoder 



Oscillator with Quadrature Output 



Connect pin 3 to 2.8V to invert output. 


Oscillator with Double Frequency Output 

Jiruir 2, ° 

'X * C1 


Precision Oscillator Drive 100 mA Loads 






AC Test Circuit 



SIGNAL +5V 
INPUT 


f, = tOO kHz +5V 
*Note: Adjust for f 0 = 100 kHz. 


Applications Information 

The center frequency of the tone decoder is equal 
to the free running frequency of the VCO. This is 
given by 

f ° ” rTcT 

The bandwidth of the filter may be found from 
the approximation 



Where: 

V] = Input voltage {volts rms), Vj < 200 mV 
C 2 = Capacitance at Pin 2 (juF) 



9 
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LM1014/LM1014A 


Industrial/Automotive/Functional 

Blocks/Telecommunications 


National 
Semiconductor 

LM1014/LM1014A Motor Speed 


General Description 

The LM1014 is a monolithic integrated circuit specifically 
designed to provide a low cost motor speed regulator for 
low voltage DC motors. 

Features 

■ 5V to 20V operating voltage range 

■ Short circuit protection 


Regulator 


■ Externally selectable temperature coefficient 

■ Remote pause control 

■ Saturation voltage 0.1V 

■ Motor connected to ground for ease of RF 
suppression 

■ Motor torque compensation 

■ Low current consumption 



Functional Block Diagram and Typical Connection 
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Absolute Maximum Ratings 

Supply Voltage 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


Electrical Characteristics (Note i) 


24V 

-20 to + 70 °C 
-65 to + 150°C 
300 °C 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Supply Voltage Range 


5.0 


20.0 

V 

Supply Current 

Current into Pin 6 


6.0 

8.0 

mA 

Reference Voltages 

Pin 2 and 3 Open 


0.93 


V 


Pin 2 Gnd, Pin 3 Open 


1.13 


V 


Pin 2 Open, Pin 3 Gnd 


1.33 


V 


Pin 2 and 3 Gnd 


1.53 


V 


Line Regulation of 
Reference Voltage 

Remote Stop 
Current 

Output Current 
A1 

Short Circuit 
Current Limit 

Motor Sense 
Current Deviation 


V s = 5V to V s = 20V 
Pin 1 

Current into Pin 4 When 
Grounded 

V S = 5V 
Pin 1 Gnd 

R1 = 10 

R1 = 1 Q, R2 = 2000 
Current into Pin 1:11 


% V ref 
% V REF 


-1.0 mV/°C 
-0.3 mV/°C 
0.3 mV/°C 
1.0 mV/°C 

LM1014 

LM1014A 

Note 2 

Current into 
Pin 7 


(11/lm - 1) 
Exclusive of 
External 
Components 
Tolerances 
LM1014A 
LM1014 


Note 1: Unless otherwise specified, 5V<Vs<20V and - 15 °C<Ta<55°C. 

Note 2: The remote stop is activated by grounding pin 4. The motor restarts after disconnection of the ground connection. 

Note 3: The current limit is set by resistor R1, i.e., I31.4V/R1. When the output current exceeds this limit, the drive to the output transistor is switched off by a 
latch circuit. The motor can only be restarted after interruption of the supply voltage. 
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LM1014/LM1014A 
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Typical Performance Characteristics/Application 

1. The output voltage V M is given by: 3. Four sele< 


R3 R1 R3 

Vm = Vref(1+-) + Im 

R4 5R2 

2. R1 R3/5R2 must be equal to dynamic motor winding 
resistance R M in order to keep the speed constant dur- 
ing load torque variations. 


3. Four selectable temperature coefficients by ground- 
ing pin 2 and/or pin 3 for temperature compensation of 
motor characteristic. 

4. Parameter of the motor used for the test results 
shown below: 

R M = 16.30 and back e.m.f. = 3.25V @ 2000 r.p.m.; 
torque constant 5.9 mA/mNm; External components: 
R1 = Cu, R2 = 2000 and R3 = 16 kO; V REF = 1.13V (pin 
2 grounded); C BE = 2.2 \iF and C3 = 0.47 jiF. 


Parameter 

Conditions 

Max 

Motor Speed Deviation 

V S = 5V to 10V 

±0.5% 

(Voltage) 

V S = 5V to 20V 

±1.0% 

Motor Speed Deviation 
(Load) 

\ M - 25 mA to 125 mA 

±1.0% 

Motor Speed Deviation 

T = + 5°C to +35 °C 

1.0% 

(Temperature) 

T = - 15°C to +55 °C 

3.0% 


Connection Diagram 


Dual-In-Line Package 


INVERTING INPUT A1 . 


REFERENCE VOLTAGES \ 


REMOTE PAUSE CONTROL. 


NON-INVERTING INPUT A2 

~ INVERTING INPUT A2 

8 TORQUE COMPENSATION/ 
SHORT CIRCUIT PROTECTION 

1 — OUTPUT A1 
— POSITIVE SUPPLY 


Order Number LM1014N 
or LM1014AN 
See NS Package N10B 
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LM1801 



National 

Semiconductor 


Industrial/Automotive/ Functional 
Blocks/Telecommunications 


LM1801 Smoke Detector 

General Description 

The LM1801 is designed to provide the functions of an 
ionization type smoke detector as specified by UL217. 
Though primarily designed to operate from a 9V alkaline 
battery, provision is made for operation at supplies up 
to 14V and for line operation. 

Low battery threshold, alarm threshold, hysteresis and 
stand-by current drain are externally programmed by 
resistors. The LM1801 includes a power transistor 
capable of directly driving a typical 85 dB horn. The 
ionization chamber requires an external FET buffer. 

A parallel alarm output is provided to enable up to 8 
similar detectors to be connected in parallel. In this 
mode, a fault on the line cannot prevent local operation. 
The low battery alarm signal is confined to the local 
unit. 

A 6V regulated output is provided for the chamber and 
FET supply and a second output with a different temper- 
ature coefficient is available for the alarm threshold 
potentiometer. This allows compensation of JFET drift. 


Features 

■ UL component recognized 

■ 9V to 14V operation 

■ Direct drive to horn 

■ Clamp diodes on chip 

-■ Internal zener for line operation 

■ JFET and MOSFET compatible 

■ Parallel alarm capability 

■ Low stand-by current drain 


Applications 

■ Domestic smoke detectors 

■ Line operated smoke detectors 

■ Gas detectors 

a Intrusion alarms 

■ Battery operated detectors 


Block and Connection Diagram 


Dual-ln-Line Package 


TIMING BATTERY PARALLEL HORN 

CAPACITOR GND SENSE SENSE ALARMS VcC DRIVE 



INPUT OUTPUT 


Order Number LM1801N 
See NS Package N14A 
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Absolute Maximum Ratings 

Supply Voltage 
Input Voltage 
Input Differential Voltage 
Power Dissipation (Note 1) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


14V 

-0.3V to 14V 
±14V 
300 mW 
0°C to +70° C 
-65° C to +125°C 
300°C 


Electrical Characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Comparator 






Input Offset Voltage 



3 

15 

mV 

Input Bias Current 



3 

10 

nA 

Input Offset Current 



0.5 

3 

nA 

Pin 6 Output Low 

ISINK = 100 nA 


1.5 

2.0 

V 

Output Stage (Pin 8) 






Leakage Current 



45 

500 

nA 

Saturation Voltage 

18 = 200 mA 


0.9 

1.3 

V 

Saturation Voltage 

Ig = 500 mA 


1.8 


V 

Common Alarm Line (Pin 10) 






Drive Capabilities 

V4> V5 





Output Voltage High 


6.0 

6.5 


V 

Output Current 

V10= 0.0V 

4.0 

6.5 


mA 

Driver Requirements 

V5> V4 





Input Voltage 



3.6 


V 

Input Current 

V8 = 1.5V, ls= 200 mA 


0.4 

i 

mA 

Regulator 




t 


Pin 2 Reference Voltage 

12= 1 juA 

5.4 

5.8 

6.4 

V 

Temperature Coefficient 



5 


mV/°C 

Pin 3 Reference Voltage 

* 2 = 13 = 1 

4.8 

5.3 

5.8 

V 

Temperature Coefficient 


i 

7 


mV/°C 

Battery Check Oscillator 






Threshold Voltage (Pin 12) 


5 ‘ 5 

6.0 

6.5 

V 

Period 

Vcc = 7.5V, Cl = IOjuF 

28 

42 

50 

Sec * 

Beep Pulse Width 

Vcc = 7.5V, Cl = 10 juF 


30 


ms 

Supply Current (Note 3) 



7 

9 

ma 

Zener Clamp Voltage, V9 

Ig = 1 mA 

14 

14.5 

17 

V 


Note 1: For operating at elevated temperatures, the device must be derated based on a 125°C maximum junction temperature and a thermal 
resistance of 187°C/W junction to ambient. 

Note 2: R S ET = 10 M«, V cc = 9V, T A = 25°C, (Figure 1). 

Note 3: Stand-by mode. JFET is biased for Ids “ 1 M A. 
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LM1801 


Application Hints 

The LM1801 is biased by a group of current sources 
which are controlled externally by a fixed resistor. 
In normal operation the stand-by current drain is nom- 
inally 6 times the set current at pin 1. The voltage at 
pin 1 is 2 diode drops below the positive supply voltage. 
The total stand-by current drain of the smoke detector 
will include, in addition to the above, the current drawn 
by the external circuits connected at pins 2, 3 and 12. 
These comprise the resistive dividers used to set the low 
battery threshold and alarm threshold plus the bias 
current in the ionization chamber and FET buffer. 

The low battery threshold is set by R1 and R2 (Figure 1). 
Select these values so that the voltage at pin 12 is equal 
to the oscillator trip voltage when the battery voltage is 


at the low limit at which the low battery alarm is to 
operate. The given values provide a warning at about 
8.2V. 

Hysteresis can be provided by R5, giving an added 
degree of noise immunity in high noise environments. 

Figure 2 is a suggested PC board layout for the circuit of 
Figure 1. 

Parallel operation of 2 or more units is easily achieved 
with a pair of wires connecting pin 10 of each unit and 
ground.. In this mode, every alarm will sound should any 
single unit detect smoke. 


•supply 



- C3 
*470*iF 


FIGURE 1. 9V Battery Operated Ionization Type Smoke Detector 
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LM1812 



National 

Semiconductor 


Industrial/Automotive/ Functional 
Blocks/Telecommunications 


LM1812 Ultrasonic Transceiver 


General Description 

The LM1812 is a special monolithic 1C which consists 
of a 12W ultrasonic transmitter circuit, which uses novel 
circuitry to eliminate costly alignment adjustments, 
a selective receiver which uses only one external LC 
network, impulse noise rejection circuitry, a 10W display 
driver, and a keyed modulator. 

The system operates from a 12V battery, drives power 
into a transducer, receives an echo and drives a display 
lamp. 

A single LC network is time shared between the receiver 
and the transmitter to reduce external parts, to eliminate 
alignment labor and to guarantee that the received signal 
is always of the proper frequency. 

Application areas include both sonar (distance measuring 
in water) and "sonic" radar (or "Sodar"-distance 
measuring in air) where a liquid level must be detected 
without actual immersion of a sensor or the presence of 
an object must be detected as in collision avoidance or an 
intrusion or burglar alarm system. As a sonar system, the 
presence of partially submerged objects can be detected, 
such as marine life, or the depth of a body of water 
can be determined (as for keel clearance or depth 
indicators). In addition, data transmission is possible 
for remote control applications such as in model sub- 
marines or hydroacoustic communication links. 


Unique Characteristics 

■ RF transmitter design prevents "mode-hopping" of 
transducer 

■ Operates with interchangeable transducers without 
realignment 


■ Only one tuned circuit is used 

■ No additional transistors are needed 

■ A zero reference output, which "appears" the same as L 
a normal return, is generated to coincide with the 
Tx. pulse 

■ Impulse noise is rejected 

■ Can be used with various displays 

Advantages 

■ Reduces assembly labor content 

■ Allows transducer replacement in the field without a 
factory return 

■ Allows multiple transducers to be used with the 
same electronics 

■ Provides for more consistent system performance 
in production 

Features 

■ Has special access pins (7 and 16) which allow adding 
an audible alarm feature to indicate an echo within a 
presettable maximum depth (or range) 

■ Does not require any heat sinking of the 1C package 

■ Uses a built-in monostable multivibrator, with the 
capacitor on the chip, to pulse drive the transmitter 
for high efficiency and to minimize transducer 
interaction 

■ Has special circuitry to limit the maximum ON time 
of the display driver 

■ Can operate with a neon, a LED display device, 
a digital readout or a CRT 


Connection Diagram 


Dual-In-Line Package 

PULSE DUTY 

TRAIN NOISE AUX V + T0 CYCLE 



STAGE STAGE STAGE IN WIDTH 

CONT 


Order Number LM1812N 
See NS Package N18A 
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Absolute Maximum Ratings 

Supply Voltage, V + 18V DC 

(Pins 12, 6 and 14) 

Power Dissipation (Note 1) 700 mW 

Operating Temperature Range (T A ) 0°C to +70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 60 seconds) 300°C 


PIN NO. 

FUNCTION 

R EXT (MIN) 

V MAX 

(Total Inst. Peak) 

•max DC 

1 

Tuning LC 


30V 


2 

Input R x — 2nd Stage 



50 mA 

3 

Output R x - 1st Stage 


1 8 V dc 


4 

Input R x - 1st Stage 



50 mA 

5 

Ground 




6 

XMTR Output 


36V (When OFF) 

1 A for 1 ps 

7 

Modulator Output 

75k 

18V 


8 

Modulator Pulse Input 



50 mA 

9 

Zero Flash Width Control 


7V 


10 

Ground 




11 

Duty Cycle Limit Control 



50 mA 

12 

V + 


18V 


13 

V + to XMTR (via Coil) 


18V 


14 

Display Output 


25V (When OFF) 

1 A for 1 ms 

15 

Ground 




16 

Auxiliary Display Control 

2M 

18V 


17 

Noise Integrator Control 



50 mA 

18 

Pulse Train Detector Control 



50 mA 


Electrical Characteristics (V + = +12 V DC and T a = 25°C, unless otherwise noted) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX > 

UNITS 

Sensitivity 

(Figure. 1) (Note 2) 


200 

600 

‘ AtVp-p 

Transmitter (V SAT ) 

(Figure 2), R L = 10H (V SAT ) (Note 4) 


1.3 

3 

o 

□ 

> 

Transmitter Leakage 

Pin 6 = 32 V DC , Pin 8 = Ground 


0.01 

1 

mA D c 

Modulator Threshold 

(Figure 2) (Note 3) 

0.55 

0.7 

0.9 

v P 

Supply Current 

(Figure 3) (l D ) 

5 

8.5 

20 

mA DC 

Display Driver (V SA -f) 

(Figure 4) (V SAT ) (Note 4) 


1.5 

3 

V DC 

Display Driver Leakage 

Pin 14 = 16 V DC , Pin 17 = Ground 


0.01 

1 

mA DC 


Note 1: For operating at high temperatures, the LM1812 must be derated based upon a +150°C maximum junction temperature and a thermal 
resistance of +175°C/W which applies for the device soldered in a printed circuit board and operating in a still air ambient. Due to the switching 
mode of operation, there is usually only a small power dissipation in the 1C package. 

Note 2: This sensitivity test uses the 500:1 attenuator to raise the input signal level for a more reliable reading and to reduce the chancesfor 
unintentional input-output coupling during the test. 

Note 3: The "Modulator Threshold" is the voltage which must be applied to pin 8 to put the system in the transmit mode. The current input to 
pin 8 should be limited to 1—10 mA. 

Note 4: As a check on the performance of the transformers used for both the RF transmitter and the neon bulb driver (if a neon display is used) 
a current probe should be used to display the current waveform on an oscilloscope. Peak values of current should not exceed 1.5 amps. Re-design 
the transformer if larger peak currents are noted. 
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Application Hints 

As the LM1812 contains both a transmitter and a 
receiver in proximity, PC layouts or breadboarding has 
to be done with special attention to ground loops and 
common coupling paths. The use of three ground pins 
on the 1C package helps reduce grounding problems, but 
at the time of transmission, with the display driver also 
ON, there can be 1— 2A of peak current passed into the 
ground trace. 

Local sources of high energy impulse noise, if not 
locally shielded, can cause an unwanted display "blip.” 
This, for example, usually only occurs when using fly- 
ball governed dc display wheel drive motors and is due 
to the abrupt make-break action of the speed regulator 
contacts in combination with the large inductance of 
the lightly loaded motor. These "inductive kicks” can 
be locally filtered with a capacitor across the motor or 
a small valued capacitor (approximately 30 pF) can be 
connected across the first receive stage (between pins 3 
and 4) to reduce the bandwidth and filter out these 
noise pulses. 

For ranging applications, large transmit power levels 
are necessary due to the two-way path and the resulting 
received echo power falling as the fourth power of range 
(additional external receiver gain can be used to extend 
the range). One way communication links can use 
reduced power. Transmit power can be checked by 
measuring the voltage swing across the transducer (of 
known impedance) during the transmit mode. The 
magnitude of the transmitter power depends on the 
transducer impedance as presented to the transmitter 
power amplifier (usually a transformer is used to couple 
the transducer to the power amplifier). A minimum 
value of 10L2 causes approximately 1A peak current 
pulses out of this power amplifier. The inductance of the 
secondary-should be designed to resonate with the sum of 
the capacitance associated with the cable feeding the 
transducer and that of the transducer. The low Q 
resonance allows transducer replacement without tuning. 

An internal one-shot multivibrator with a fixed time of 
1 /us is used to drive the transmitter power amplifier into 
saturation for this time period once for each cycle of the 
transmit frequency. At a frequency of 200 kHz, this, 
results in a high efficiency class-C type of operation for 
the power amplifier. The transmit frequency is equal to 
the natural resonance of the external LC network which 
is tied to pin 1. This network is also used to establish the 
center frequency and the selectivity of the receiver. 

Impulse noise is rejected by the combined action of the 
"Pulse Train Detector” and the "Integrator” circuits. 
The integrator requires a number of cycles of valid 
returns to be received before turning ON the display 
driver. The pulse train detector will dump the integrator 
if a continuous train of pulses is not received (if 2 or 3 
are missing, the integration capacitor is discharged to 
ground). 

The collector of a grounded-emitter NPN transistor can 
be tied to pin 16 to allow an auxiliary control of the 
display driver. This transistor should normally be held 
OFF and should go ON for a time interval no longer than 
1 ms if a neon display is used, due to the rapid current 


build-up in the primary of the step-up transformer. If a 
LED is used as a display device with a series limiting 
resistor, this ON time can be made longer as it is now 
limited only by the increased dissipation of the 1C which 
results from the saturation voltage at pin 14 and the ON 
current of the LED. 

The step-up transformer for the neon display lamp has 
to have a relatively large magnetizing inductance to 
prevent large current build-up for the time duration of 
the flash. For this reason, iromcored transformers are 
generally used and the large number of turns on the 
primary, which is required to achieve a high magnetizing 
inductance, requires an even larger number of turns, on 
the secondary to step up the 12V to over 100V to 
guarantee that the neon lamp fires. Rapid flashing of 
the neon lamp can cause a current build-up in the 
primary. This is the reason for the RC filter which 
powers the transformer. Under rapid flashing conditions, 
the voltage available falls and both the 1C and the neon 
are saved from degradation due to large power dissipa- 
tion. With normal operation, this network can easily 
supply the low power requirements of the neon display. 

An 1C audio amplifier can be used to amplitude modulate 
the carrier for an AM communication link. A high input 
impedance detector and audio amplifier attach to pin 1, 
for the receiver. One audio amplifier can be switched 
between the modulator and the receiver section. FM or 
pulse modulation techniques can also be used to reduce 
the modulator power requirements. 

A digital depth (or range) readout can be used with the 
LM1812.This eliminates the requirement for the constant 
speed dc motor. The modulator, pin 8, is electronically 
pulsed ON for approximately a 1 ms transmit time at a 
repetition rate which controls the updating of the 
displayed information. The "neon driver,” pin 14, will 
provide a negative output pulse (from V + to approxi- 
mately +1 V DC ) if a load resistor (5.1 k£2) is used from 
pin 14 to V + . This pulse is used to latch the output of a 
counter. This output is decoded and then drives a 
7-segment LED display. The repetition rate of the clock 
input to the counter provides a direct conversion from 
elapsed time (total count) to depth (or range). 

Transducers are available for use either in water or air. 
The appropriate transducer is important for proper 
functioning in the intended application; for example, 
the high frequency attenuation in air usually requires a 
lower operating frequency. The modifications for a 
40 kHz system are shown in the applications section. 

A simplified schematic diagram, complete with typical 
external components for a sonar system, is shown in 
Figure 5. This not only shows the operation of the 
system, but also indicates "what's on the other side of 
the 1C pins” to aid the user in his application. When pin 8 
is externally pulsed, the system is put in the transmit 
mode and a controlled amplitude sinewave oscillation 
waveform results across the LC resonator, pin 1. This is 
internally amplified and squared and each leading edge 
triggers the generation of a 1/is pulse. This pulse drives 
the RF power amplifier (output at pin 6) into saturation. 
During this transmit mode, the second RF stage is gated 
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Application Hints (Continued) 

OFF to disable the receiver. The receiver is also disabled For additional information see >4 Single-Chip Monolithic 
if the display driver is ON for too long a time interval. Sonar System, T. M. Frederiksen and W. M. Howard, 

The capacitor at pin 11 does the necessary integration IEEE Journal of Solid State Circuits, Dec. 1974, Vol. 

for this control. SC-9, No. 6, pp. 394-403. 



Note: Component numbering is the same as on the 
system and connection diagram. 


FIGURE 5. Simplified Schematic Diagram in Typical Application 

Typical Applications 



A Typical Sonar Application 
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Typical Applications (Continued) 


TO NOISE REJECT 
RESISTOR AND POT 



Component Changes for Operation in Air (40 kHz) 



Electronics for Adding an Echo Annunciator 
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National 

Semiconductor 


Industrial/Automotive/ Functional 
Blocks/Telecommunications 


LM1815 Adaptive Sense Amplifier 


General Description 

The LM1815 is an adaptive sense amplifier and default 
gating circuit for motor control applications. The sense 
amplifier provides a one-shot pulse output whose leading 
edge coincides with the negative-going zero crossing 
of a ground referenced input signal such as from a 
variable reluctance magnetic pick-up coil. 

In normal operation, this timing reference signal is 
processed (delayed) externally and returned to the 
LM1815. A logic input is then able to select either the 
timing reference or the processed signal for transmission 
to the output driver stage. 

The adaptive sense amplifier operates with a positive- 
going threshold which is derived by peak detecting the 
incoming signal and dividing this down. Thus the input 
hysteresis varies with input signal amplitude. This 
enables the circuit to sense in situations where the high 
speed noise is greater than the low speed signal ampli- 
tude, Minimum input signal is lOOmVp-p. 


Features 

■ Adaptive hysteresis 

■ Single supply operation 

■ Ground referenced input 

■ True zero crossing timing reference 

■ Operates from 2V to 12V supply voltage 

■ Handles inputs from 100 mV to over 120V with 

external resistor i 

■ CMOS compatible logic 

Applications 

■ Position sensing with notched wheels 

■ Zero crossing switch 

■ Motor speed control 

■ Tachometer 

■ Engine testing 


Connection Diagram 

Dual-ln-Line Package 

TIMING 


RC REFERENCE MODE GATED PULSE 

TIMING NC PULSE OUT SELECT OUTPUT INPUT V + 



CAPACITOR 


TOP VIEW 

Order Number LM1815N 
See NS Package N14A 
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Absolute Maximum Ratings 

Supply Voltage 12V 

Power Dissipation (Note 1) 230 mW 

Operating Temperature Range -40°C to +1 25°C 

Storage Temperature Range -65°C to +1 50°C 

Junction Temperature (Note 2) 125°C 

Input Current ±30 mA 


Electrical Characteristics (Ta = 25°C, Vcc = 10V, unless otherwise specified, see Figure 1) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Operating Supply Voltage 


2.5 

10 

12 

V 

Supply Current 

f|f\j = 500 Hz, Pin 9 = 2V, Pin 11 =0.8V' 


3.6 


mA 

Reference Pulse Width 

f IN = 1 Hz to 2 kHz 

70 

100 

130 

FS 

Input Bias Current 

Vjn = 2V, (Pin 9 and Pin 11) 



5 

/iA 

Input Bias Current 

V|N = 0Vdc, (Pin 3) 


200 


nA 

Input Impedance 

V|N = 5Vrms, (Note 3) 

12 

20 

28 

k£2 

Zero Crossing Threshold 

V|N = 100 mVp-p, (Pin 3) 



, 25 

mV 

Logic Threshold 

(Pin 9 and Pin 11) 

0.8 

1.1 

2.0 

V 

VOUT Hi gh 

R L = 1 kfi, (Pin 10) 

7.5 

8.6 


V 

VOUT Low 

'SINK = 0.1 mA, (Pin 10) 


0.3 

0.4 

V 

Input Arming Threshold 

Pin 5 Open, V|N < 135 mVp-p 

45 



60 

mV • 


Pin 5 Open, V|N > 230 mVp-p 

40 


80% of 

90 

% of V 3 Pk 


Pin 5 to V + 

250 


” V 3 Pk 


mV 


Pin 5 to Gnd 

-25 



25 

mV 

Output Leakage Pin 12 

V 1 2 = 11V 


0.01 

10 

gA 

Saturation Voltage PI 2 

1-12 = 2 mA 


0.2 

0.4 

V 


Note 1: Derate at 5.7 mW/°C for ambient temperatures above 85°C. This applies when the device is soldered into a printed circuit board, 
operating in still air ambient. 

Note 2: Temporary excursions to 150°C can be tolerated. 

Note 3: Measured at input to external 18 k£2 resistor. 1C contains 1 kf2 in series with a diode to attenuate the input signal. 



100ms 

REFERENCE 

PULSE 

OUTPUT 


N0ISEY 

INPUT 

SIGNAL 


INPUT 

THRESHOLD 

VOLTAGE 


I 



FIGURE 2. LM1815 Oscillograms 
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National 

Semiconductor 


Industrial/Automotive/ Functional 
Blocks/Telecommunications 


LM1830 Fluid Detector 


General Description 


The LM1830 is a monolithic bipolar integrated circuit 
designed for use in fluid detection systems. The circuit is 
ideal for detecting the presence, absence, or level of 
water, or other polar liquids. An ac signal is passed 
through two probes within the fluid. A detector deter- 
mines the presence or absence of the fluid by comparing 
the resistance of the fluid between the probes with the 
resistance internal to the integrated circuit. An ac signal 
is used to overcome plating problems incurred by using a 
dc source. A pin is available for connecting an external 
resistance in cases where the fluid impedance is of a 
different magnitude than that of the internal resistor. 
When the probe resistance increases above the preset 
value, the oscillator signal is coupled to the base of the 
open-collector output transistor. In a typical application, 
the output could be used to drive a LED, loud speaker 
or a low current relay. 


Features 

■ Low external parts count 

■ Wide supply operating range 

■ One side of probe input can be grounded 

■ ac coupling to probe to prevent plating 

■ Internally regulated supply 

■ ac or dc output 


Applications 

■ Beverage dispensers 

■ Water softeners 

■ Irrigation 

■ Sump pumps 

■ Aquaria 


Washing machines 

Reservoirs 

Boilers 


Logic and Connection Diagrams 


Metal Can Package 



Order Number LM1830H 
See NS Package H10C 


Dual-In-Line Package 

OSCILLATOR 

OUTPUT OETECTOR FILTER 

VCC (Rref) OUTPUT GNO , INPUT CAP 



Order Number LM1830N 
See NS Package N14A 
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Absolute Maximum Ratings 


Supply Voltage 

Power Dissipation (Note 1) 

Output Sink Current 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


28V 
300 mW 
20 mA 
-40° C to +85° C 
-40° C to +150°C 
300°C 


Electrical Characteristics (V + = 16V, Ta = 25°C unless otherwise specified) 


PARAMETER 


Supply Current 
Oscillator Output Voltage 


Internal Reference Resistor 
Detector Threshold Voltage 
Detector Threshold Resistance 
Output Saturation Voltage 
Output Leakage 
Oscillator Frequency 



lO = 10 mA 

V PIN 12 = 16V 
Cl = 0.001/iF 


Note 1: The maximum junction temperature rating of the LM1830N is 150 C. For operation at elevated temperatures, devices in the dual-in-line 
plastic package must be derated based on a thermal resistance of 175°C/W. 


Schematic Diagram 


OSCILLATOR 

OUTPUT 


OPTIONAL 

DETECTOR FILTER 
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Typical Performance Characteristics 


Normalized Oscillator Frequency 
vs Supply Voltage 


Threshold Resistance vs Supply 
Voltage 






T 

— 

A = 25" 

C 


r 







. 

















0 5 10 15 20 25 30 

SUPPLY VOLTAGE (V) 


Reference Resistor vs Ambient 
Temperature 


Detector Threshold Voltage 
vs Temperature 



AMBIENT TEMPERATURE (°C) 


AMBIENT TEMPERATURE f C) 


Oscillator Vqh and Vql 
vs Ambient Temperature 






— 

z 

V CC = 16V. 



ZJ 

tz 






— 

— V, 

)H 


















■ 







1 

















V 0L 






| 




-40 -20 0 20 40 60 80 100 

TEMPERATURE CC) 


Output Saturation Voltage vs 
Output Current 



OUTPUT CURRENT (PIN 12) (mA) 


Equivalent Resistance vs 
Concentration of Several 
Solutions 



0.001 0.01 0.1 1 

CONCENTRATION (GRAM MOLECULAR 
EQUIVALENTS/LITRE) 


Power Supply Current vs 
Supply Voltage 



0 5 10 15 20 25 30 

SUPPLY VOLTAGE (V) 


Probe Threshold Resistance 
vs Temperature 



-40 -20 0 20 40 60 80 100 


AMBIENT TEMPERATURE (°C) 


Oscillator Frequency vs 
Ambient Temperature 



-40 -20 0 20 40 60 80 100 

AMBIENT TEMPERATURE ( U C) 
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Application Hints 

The LM1830 requires only an external capacitor to com- 
plete the oscillator circuit. The frequency of oscillation 
is inversely proportional to the external capacitor value. 
Using O.OOIjuF capacitor, the output frequency is 
approximately 6 kHz. The output from the oscillator is 
available at pin 5. In normal applications, the output is 
taken from pin 13 so that the internal 13k resistor can 
be used to compare with the probe resistance. Pin 13 is 
coupled to the probe by a blocking capacitor so that 
there is no net dc on the probe. 

Since the output amplitude from the oscillator is 
approximately 4 VgE, the detector (which is an emitter 
base junction) will be turned “ON" when the probe 
resistance to ground is equal to the internal 13 kfi 
resistor. An internal diode across the detector emitter 
base junction provides, symmetrical limiting of the 
detector input signal so that the probe is excited with 
±2 Vbe from a 13 k£2 source. In cases where the 13 k£2 
resistor is not compatible with the probe resistance 
range, an external resistor may be added by coupling the 
probe to pin 5 through the external resistor as shown in 
Figure 2. The collector of the detecting transistor is 
brought out to pin 9 enabling a filter capacitor to be 
connected so that the output will switch “ON" or 
"OFF" depending on the probe resistance. If this 
capacitor is omitted, the output will be switched at 
approximately 50% duty cycle when the probe resis- 
tance exceeds the reference resistance. This can be useful 
when an audio output is required and the output 
transistor can be used to directly drive a loud speaker. 
In addition, LED indicators do not require dc excita- 
tion. Therefore, the cost of a capacitor for filtering can 
be saved. 

In the case of inductive loads or incandescent lamp 
loads, it is recommended that a filter capacitor be 
employed. 

In a typical application where the device is employed 
for sensing low water level in a tank, a simple steel 
probe may be inserted in the top of the tank with the 
tank grounded. Then when the water level drops below 
the tip of the probe, the resistance will rise between the 
probe and the tank and the alarm will be operated. This 
is illustrated in Figure 3. In situations where a non- 
conductive container is used, the probe may be designed 
in a number of ways. In some cases a simple phono plug 
can be employed. Other probe designs include conduc- 
tive parallel strips on printed circuit boards. 


It is possible to calculate the resistance of any aqueous 
solution of an electrolyte for different concentrations, 
provided the dimensions of the electrodes and their 
spacing is known. 

The resistance of a simple parallel plate probe is given 
by: 

r _ iooo d n 

c.p A 

where A = area of plates (cm^) 

d = separation of plates (cm) 
c = concentration (gm. mol. equivalent/litre) 
p = equivalent conductance 
(ST" 1 cm 2 equiv.- 1 ) 

(An equivalent is the number of moles of a substance that 
gives one mole of positive charge and one mole of nega- 
tive charge. For example, one mole of NaCI gives Na + + 
Cl" so the equivalent is 1. One mole of CaCl2 gives 
Ca ++ + 2CI so the equivalent is 1/2.) 

Usually the probe dimensions are not measured 
physically, but the ratio d/A is determined by measuring 
the resistance of a cell of known concentration c and 
equivalent conductance of 1. A graph df common 
solutions and their equivalent conductances is shown 
for reference. The data was derived from D.A. Maclnnes, 
"The Principles of Electrochemistry," Reinhold 
Publishing Gorp., New York., 1939. 

In automotive and other applications where the power 
source is known to contain significant transient voltages, 
the interna! regulator on the LM1830 allows protection 
to be provided by the simple means of using a series 
resistor in the power supply line as illustrated in Figure 4. 
If the output load is required to be returned directly 
to the power supply because of the high current required, 
it will be necessary to provide protection for the output 
transistor if the voltages are expected to exceed the data 
sheet limits. 

Although the LM1830 is designed primarily for use in 
sensing conductive fluids, it can be used with any varia- 
ble resistance device, such as light dependent resistor or 
thermistor or resistive position transducer. 

The following table lists some common fluids which may 
and may not be detected by resistive probe techniques. 


Conductive Fluids 

Non-Conductive Fluids 

City water 

Sea water 

Copper sulphate solution 
Weak acid 

Weak base 

Household ammonia 

Water and glycol mixture 

Wet soil 

Coffee 

Pure water 

Gasoline 

Oil 

Brake fluid 

Alcohol 

Ethylene glycol 

Paraffin 

Dry soil 

Whiskey 
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Application Hints (Continued) 


V CC = 16V 



v cc 



FIGURE 2. Application Using External Reference Resistor 


FIGURE 1. Test Circuit 


v cc 



FIGURE 3. Basic Low Level Warning Device 
with LED Indication 


Vcc 



Output is activated when R p > 1/3 Rref 
FIGURE 4. Direct Coupled Applications 
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Typical Applications 


v cc 



Low Level Warning with Audio Output 


v cc 



The output is suitable for driving a sump pump 
or opening a drain valve, etc. 


High Level Warning Device 
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££3 National Industrial/Automotive/Functional 

Mm Semiconductor Blocks/Telecommunications 
LM2877 Dual 4-Watt Power Audio Amplifier 

General Description 


The LM2877 is a monolithic dual power amplifier 
designed to deliver 4W/channel continuous into 8r2 
loads. The LM2877 is designed to operate with a low 
number of external components, and still provide 
flexibility for use in stereo phonographs, tape recorders 
and AM— FM stereo receivers, etc. Each power amplifier 
is biased from a common internal regulator to provide 
high power supply rejection and output Q point cen- 
tering. The LM2877 is, internally compensated for all 
gains greater than 10, and comes in an 11 -lead single-in- 
lirVe package. 

Features 

■ 4W/channel 

■ -68 dB ripple rejection, output referred 

■ -70 dB channel separation, output referred 


■ Wide supply range, 6— 24V 

■ Very low cross-over distortion 

■ Low audio band noise 

■ Internal current limiting, short circuit protection 

■ Internal thermal shutdown 

Applications 

■ Multi-channel audio systems 

■ Stereo phonographs 

■ Tape recorders and players 

■ AM— FM radio receivers 

■ Servo amplifiers 

■ Intercom systems 

■ Automotive products 


Connection Diagram (Single-In-Line Package, Top View) 



Ordet Number LM2877P 
See NS Package P1 1 A 


Equivalent Schematic Diagram 


Pin 6 can be connected to pin 3 or pin 9, 
if not, pin 6 must be left with NO connection. 
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Absolute Maximum Ratings 





Supply Voltage 

26V 





Input Voltage 

±0.7V 





Operating Temperature 

0°C to +70° C 





Storage Temperature 

-65°C to +150°C 





Junction Temperature 

150°C 





Lead Temperature (Soldering, 10 seconds) 300°C 





Electrical Characteristics v s = 2 ov,t a = 25°c ,r l = 8U,a v 

= 50 (34 dB) unless otherwise specified 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

Po = ow 


25 

50 

mA 

Operating Supply Voltage 


6 


24 

V 

Output Power/Channel 

f = 1 kHz, THD = 10% 






Vs = -20V 

4.0 

4.5 


W 


Vs = 18V 


3.6 


w 


Vs = 12V, Rl = 4 £2 

1.5 

1.9 


w 

Distortion, THD 

f = 1 kHz, Vs = 20V 






PO = 50 mW/Channe! 


0.1 


% 


Pq = 1 W/Channel 


0.07 


% 


PO = 2W/Channel 


0.07 

1 

% 


f = 1 kHz, V$ = 12V, Rl = 4H 






PO = 50 mW /Channel 


0.25 

/ 

% 


PO = 500 mW/Channel 


0.20 


% 


PO= IW/Channel 


0.15 

1 

% 

Output Swing 

RL = 8J2 


V S — 4 


Vp-P 

Channel Separation 

Cp = 50 [J.F, C|N = 0-1 juF, f = 1 kHz, 






Output Referred 






Vs = 20V, Vo = 4 Vrms 

-50 

-70 


dB 


Vs = 7V, Vo = 0.5 Vrms 


-60 


dB 

PSRR Power Supply 

-Cp = 50 (if, C|N = 0.1 juF, f = 120 Hz, 





Rejection Ratio 

Output Referred 

, 





Vs = 20V, Vripple = 1 Vrms 

-50 

-68 


dB 


Vs = 7 v, Vripple = 0.5 vrms 


-40 

' 


dB 

Noise 

Equivalent Input Noise 






RS = 0, C|N = 0.1 juF, BW = 20 Hz~20 kHz 


2.5 


MV 


Output Noise Wideband 






R S = 0, C|N = 0.1 mF, Ay = 200 


0.80 


mV 

Open Loop Gain 

RS = 0,f= 1 kHz, R L = 8£2 


70 


dB 

Input Offset Voltage 



15 


mV 

Input Bias Current 



50 


nA 

Input Impedance 

Open Loop 


4 



DC Output Level 

,Vs = 20V 

9 

10 

11 

V 

Slew Rate 



2.0 


V//is 

Power Bandwidth 



65 


kHz 

Current Limit 



1.0 


A 

Note 1: For operation at ambient temperature greater than 25°C, the LM2877 must be derated based on a maximum 150°C junction temper- 
ature using a thermal resistance which depends upon device mounting techniques. 
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AVERAGE SUPPLY CURRENT (mA) POWER SUPPLY REJECTION (dB) DEVICE DISSIPATION (W) 
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Typical Applications 



Frequency Response of Bass 
Tone Control 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 
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LM2907, LM2917 Frequency to Voltage Converter 


General Description 

The LM2907, LM2917 series are monolithic frequency 
to voltage converters with a high gain op amp/compara- 
tor designed to operate a relay, lamp, or other load when 
the input frequency reaches or exceeds a selected rate. 
The tachometer uses a charge pump technique and 
offers frequency doubling for low ripple, full input 
protection in two versions (LM2907-8, LM2917-8) 
and its output swings to ground for a zero frequency 
input. (Continued on page 9-83) 

Advantages 

■ Output swings to ground for zero frequency input 

■ Easy to use; V Q ut = fjN x v cc x R1 x Cl 

■ Only one RC network provides frequency doubling 

■ Zener regulator on chip allows accurate and stable 
frequency to voltage or current conversion. (LM2917) 

Features 

■ Ground referenced tachometer input interfaces 
directly with variable reluctance magnetic pickups 

■ Op amp/comparator has floating transistor output 

■ 50 mA sink or source to operate relays, solenoids, 
meters, or LEDs 


■ Frequency doubling for low ripple 

■ Tachometer has built-in hysteresis with either differ- 
ential input or ground referenced input 

■ Built-in zener on LM291 7 

■ ±0.3% linearity typical 

■ Ground referenced tachometer is fully protected 
from damage due to swings above V cc and below 
ground 

Applications 

■ Over/under speed sensing 

■ Frequency to voltage conversion (tachometer) 

■ Speedometers 

■ Breaker point dwell meters 
■> Hand-held tachometer 

■ Speed governors 

■ Cruise control 

■ Automotive door lock control 

■ Clutch control 

■ Horn control 

■ Touch or sound switches 



Order Number LM2907N-8 
See NS Package N08B 


NC NO V + 


jSSa 

mm 

!■ 

m 

■ 

■9 

3 

1| 

H 

H 

m 


NC NC 

Order Number LM2907J 
See NS Package J14A 
Order Number LM2907N 
See NS Package N14A 



Order Number LM2917N-8 
See NS Package N08B 


NC NC V* 


JmJ 

13 

12 

11 

10 

9 8 


3 





I 

ta 

I 

y 

| 

S 

52 

B 

Hi 

1 


2 

3 , 

4 l 

s I 5 1’ 


NC NC 


Order Number LM2917J 
See NS Package J14A 
Order Number LM2917N 
See NS Package N14A 


Block and Connection Diagrams Dual-ln-Line Packages, Top Views 

v + 
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Absolute Maximum Ratings (Note 1) 


Supply Voltage 

Supply Current (Zener Options) 
Collector Voltage 
Differential Input Voltage 
Tachometer 
Op Amp/Comparator 


Input Voltage Range 

Tachometer LM2907-8, LM2917-8 
LM2907, LM2917 
Op Amp/Comparator 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


±28V 
0.0V to +28V 
0.0V to +28V 
500 mW 
-40° C to +85° C 
-65° C to +150°C 
300° C 


Electrical Characteristics v cc = 12 v DC/ t a = 25°c, see test circuit 





3 


50 

0 

200 

40 
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R drop ~ 470H 




7.56 

10.5 

+1 

15 

. 
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n 

mV/°C 

3.8 

6 

mA 


ZENER REGULATOR 


Regulator Voltage 
Series Resistance 
Temperature Stability 


TOTAL SUPPLY CURRENT 


Note 1: For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 175°C/W junction to ambient for package 22 and 16 or a thermal resistance of 187° C/W junction to ambient for package 20. 
Note 2: Hysteresis is the sum +Vj(-|— (-Vj^). offset voltage is their difference. See test circuit. 

Note 3: Voh is ec l ual to 3/4 x V^c — 1 VgE» v OL is ec l ual to 1/4 x V CC “ 1 V BE therefore Vqh ~ v OL = v qc/ 2. The difference, Vqh — 
Vql» and the mirror gain, l2^*3» are the two factors that cause the tachometer gain constant to vary from 1 .0. 

Note 4: Be sure when choosing the time constant R1 x Cl that R1 is such that the maximum anticipated output voltage at pin 3 can be reached 
with I3 x R1 . The maximum value for R 1 is limited by the output resistance of pin 3 which is greater than 1 0 M12 typically. 

Note 5: Nonlinearity is defined as the deviation of V out (@ pin 3) for f | = 5 kHz from a straight line defined by the Vqut @ 1 kHz and VquT 
@ 10 kHz. Cl = 1000 pF, R1 = 68k and C2 = 0.22 mFd. 
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Typical Performance Characteristics 


Total Supply Current 



6 8 10 12 14 16 18 20 22 24 26 28 
SUPPLY VOLTAGE (V) 


Normalized Tachometer Output 
vs Temperature 



-35 -15 5 25 45 65 85 

TEMPERATURE TC) 


Tachometer Currents I2 and I3 
vs Supply Voltage 


NORMALIZED TACHOMETER OUTPUT (K) ZENER VOLTAGE (V) 


Zener Voltage vs Temperature 



-35 -15 5 25 45 65 85 


TEMPERATURE (°C) 


Normalized Tachometer Output 
vs Temperature 



-35 -15 5 25 45 65 85 

TEMPERATURE (°C) 


Tachometer Currents I2 and 
I3 vs Temperature 



-35 -15 5 25 45 65 85 

TEMPERATURE (' C) 


LM2907, LM2917 
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Typical Performance Characteristics (Continued) 


Tachometer Linearity 
vs Temperature 


Tachometer Linearity 
vs Temperature 



_V CC = 121 
f = 1000 H 
~ RI = 70k 

r - 
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LMZ917 
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-35 -15 5 25 45 65 85 


TEMPERATURE (°C) 


TEMPERATURE ( C) 


Tachometer Linearity vs R1 


Tachometer Input Hysteresis 
vs Temperature 



Ri (n) 



TEMPERATURE (°C) 


Op Amp Output Transistor Op Amp Output Transistor 

Characteristics Characteristics 



0 10 20 30 40 50 

SOURCE CURRENT (mA) 



0 10 20 30 40 50 

SINK CURRENT (mA) 
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General Description (Continued) 

The op amp/comparator is fully compatible with the 
tachometer and has a floating transistor as its output. 
This feature allows either a ground or supply referred 
load of up to 50 mA. The collector may be taken above 
V cc up to a maximum V CE of 28V. 

The two basic configurations offered include an 8-pin 
device with a ground referenced tachometer input and 
an internal connection between the tachometer output 
and the op amp non-inverting input. This version is 
well suited for single speed or frequency switching or 
fully buffered frequency to voltage conversion 
applications. 


The more versatile configurations provide differential 
tachometer input and uncommitted op amp inputs. 
With this version the tachometer input may be floated 
and the op amp becomes suitable for active filter condi- 
tioning of the tachometer output. 

Both of these configurations are available with an active 
shunt regulator connected across the power leads. The 
regulator clamps the supply such that stable frequency 
to voltage and frequency to current operations are 
possible with any supply voltage and a suitable resistor. 


Test Circuit and Waveform 



Tachometer Input Threshold Measurement 

Ml 



V, N TACHOMETER 


Applications Information 

The LM2907 series of tachometer circuits is designed 
for minimum external part count applications and 
maximum versatility. In order to fully exploit its 
features and advantages let's examine its theory of 
operation. The first stage of operation is a differential 
amplifier driving a positive feedback flip-flop circuit. 
The- input threshold voltage is the amount of differen- 
tial input voltage at which the output of this stage 
changes state. Two options (LM2907-8, LM2917-8) 
have one input internally grounded so that an input 
signal must swing above and below ground and exceed 
the input thresholds to produce an output. This is 
offered specifically for magnetic variable reluctance 
pickups which typically provide a single-ended ac 
output. This single input is also fully protected against 
voltage swings to ±28V, which are easily attained with 
these types of pickups. 

The differential input options (LM2907, LM2917) 
give the user the option of setting his own input 
switching level and still have the hysteresis around that 
•level for excellent noise rejection in any application. 
Of course in order to allow the inputs to attain common- 
mode voltages above ground, input protection is removed 


and neither input should be taken outside the limits of 
the supply voltage being used. It is very important 
that an input not go below ground without some resis- 
tance in its lead to limit the current that will then flow 
in the epi-substrate diode. 

Following the input stage is the charge pump where the 
input frequency is converted to a dc voltage. To do this 
requires one timing capacitor, one output resistor, and 
an integrating or filter capacitor. When the input stage 
changes state (due to a suitable zero crossing or differ- 
ential voltage on the input) the timing capacitor is either 
charged or discharged linearily between two voltages 
whose difference is V cc / 2. Then in one half cycle of 
the input frequency or a time equal to 1/2 f )N the 
change in charge on the timing capacitor is equal to 
V cc /2 x Cl. The average amount of current pumped 
into or out of the capacitor then is: 

AQ V cc 

~ “ 'c(AVG) “ Cl x — — x (2f| N ) = V cc X f| N X Cl 

The output circuit mirrors this current very accurately 
into the load resistor R1, connected to ground, such that 
if the pulses of current are integrated with a filter 
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Applications Information (Continued) 

capacitor, then, V 0 = i c x R1, and the total conver- 
sion equation becomes: 

Vq = Vqq x f | (\j x Cl x R1 x K 

Where K is the gain constant— typically 1 .0. 

The size of C2 is dependent only on the amount of 
ripple voltage allowable and the required response time. 


however response time, .or the time it takes V OUT to 
stabilize at a new voltage increases as the size of C2 
increases so a compromise between ripple, response 
time, and linearity must be chosen carefully. 

As a final consideration, the maximum attainable input 
frequency is determined by V cc , Cl and l 2 : 


CHOOSING R1 AND Cl 


There are some limitations on the choice of R1 and Cl 
which should be considered for optimum performance. 
The timing capacitor also provides internal compensa- 
tion for the charge pump and should be kept larger than 
100 pF for very accurate operation. Smaller values can 
cause an error current on R1, especially at low tempera- 
tures. Several considerations must be met when choosing 
R1. The output current at pin 3 is internally fixed and 
therefore V 0 /R1 must be less than or equal to this value. 
If R 1 is too large, it can become a significant fraction of 
the output impedance at pin 3 which degrades linearity. 
Also output ripple voltage must be considered and the 
size of C2 is affected by R1. An expression that describes 
the ripple content on pin 3 for a single R1C2 combin- 
ation is: 


VrIPPLE 


Vcc Cl 
2 X C2 


x 



V CC X f|N 

12 



pk-pk 


It appears R1 can be chosen independent of ripple. 


Cl x V cc 


USING ZENER REGULATED OPTIONS (LM2917) 

For those applications where an output voltage or 
current must be obtained independent of supply voltage 
variations, the LM2917 is offered. The most important 
consideration in choosing a dropping resistor from the 
unregulated supply to the device is that the tachometer 
and op amp circuitry alone require about 3 mA at the 
voltage level provided by the zener. At low supply 
voltages there must be some current flowing in the 
resistor above the 3 mA circuit current to operate the 
regulator. As an example, if the raw supply varies from 
9 to 16V, a resistance of 4700 will minimize the zener 
voltage variation to 160 mV. If the resistance goes under 
4000 or over 6000 the zener variation quickly rises 
above 200 mV for the same input variation. 


Typical Applications 

Minimum Component Tachometer 

V cc 




Zener Regulated Frequency to Voltage Converter 


Vcc 



"Speed Switch" Load is Energized When f ||\| > 

2RC 
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Typical Applications (Continued) 


Breaker Point Dwell Meter 



Voltage Driven Meter Indicating Engine RPM 
V Q = 6V @ 400 Hz or 6000 ERPM (8 Cylinder Engine) 



Current Driven Meter Indicating Engine RPM 
l Q = 10 mA @ 300 Hz or 6000 ERPM (6 Cylinder Engine) 



Capacitance Meter 

VquT = 1-10V for C x = 0.01 to 0.1 mFd 
(R = 111k) 


f 15V 
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Typical Applications (Continued) 

Two-Wire Kemote Speed Switch 



100 Cycle Delay Switch 


Vcc 



V3 steps up in voltage by the amount 



V CC x Cl 
C2 


for each complete input cycle (2 zero crossings) 
Example: 

If C2 = 200 Cl after 100 consecutive input cycles. 

V3= 1/2 V CC 


Variable Reluctance Magnetic Pickup Buffer Circuits 


Precision two-shot output frequency equals 
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Typical Applications .(Continued) 


Changing the Output Voltage for an Input Frequency of Zero 




Changing Tachometer Gain Curve 
or Clamping the Minimum Output Voltage 






Anti-Skid Circuit Functions 


"Select-Low" Circuit 




VquT is proportional to the lower 
of the two input wheel speeds. 


"Select-High" Circuit 




VquT ' s proportional to the higher 
of the two input wheel speeds. 


"Select-Average" Circuit 
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LM3080/LM3080A 



National 

Semiconductor 


Industrial/Automotive/ Functional 
Blocks/Telecommunications 


LM3080/LM3080A 

Operational Transconductance Amplifier 


General Description 

The LM3080 is a programmable transconductance block 
intended to fulfill a wide variety of variable gain applica- 
tions. The LM3080 has differential inputs and high 
impedance push-pull outputs.- The device has high input 
impedance and its transconductance (gm) is directly 
proportional to the amplifier bias current Oabc)- 


High slew rate together with programmable gain make 
the LM3080an ideal choice for variable gain applications 
such as sample and hold, multiplexing, filtering, and 
multiplying. 


The LM3080AH and LM3080AJ are guaranteed over 
the temperature range -55°C to +125°C;the LM3080N, 
LM3080H, LM3080AN and LM3080J are guaranteed 
from 0°C to +70°C. 

Features 

■ Slew Rate (unity gain compensated): 50 V//u s 

■ Fully Adjustable Gain: 0 to gm R[_ limit 

■ Extended gm Linearity: 3 decades 

■ Flexible Supply Voltage Range: ±2 V to ±18V 

■ Adjustable Power Consumption 


Schematic and Connection Diagrams 




• NC 

- V+ 


, AMPLIFIER 
BIAS INPUT 


Order Number LM3080AJ or LM3080J 
See NS Package J08A 
Order Number LM3080AN 
See NS Package N08B 
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Absolute Maximum Ratings 

Supply Voltage (Note 2) 

LM3080 

±18 V 

LM3080A 

±22 V 

Power Dissipation 

250 mW 

Differential Input Voltage 

±5 V 

Amplifier Bias Current Oabc) 

2 mA 

DC Input Voltage 

+V$ to -Vg 

Output Short Circuit Duration 

Indefinite 

Operating Temperature Range 

LM3080N, LM3080H, LM3080AN 

or LM3080J 

0°C to +70°C 

LM3080AH or LM3080AJ 

-55°C to +1 25°C 

Storage Temperature Range 

-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

300°C 


Electrical Characteristics (Note 1) 


Parameter 

Conditions 

LM3080 

LM3080A 

Units 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input Offset Voltage 



0.4 

5 


0.4 

2 

mV 


Over Specified Temperature Range 



6 



5 

mV 


•abc = 5 M A 


0.3 



0.3 

2 

mV 

Input Offset Voltage Change 

5/iA < 1 abc ^ 500 /iA 


0.1 



0.1 

3 

mV 

Input Offset Current 



o.i 

0.6 


0.1 

0.6 

liA 

Input Bias Current 



0.4 

5 


0.4 

5 

fiA 


Over Specified Temperature Range 


1 

7 


1 

8 

HA 

Forward Transconductance (gm) 


6700 

9600 

13000 

, 7700 

9600 

12000 

[xmho 


Over Specified Temperature Range 

5400 



4000 



/imho 

Peak Output Current 

R L = 0, 1 abc = 5^A 


5 


3 

5 

7 

/iA 


o 

ii 

_i 

CC 

350 

500 

650 

350 

500 

650 

ma 


R L = 0 

Over Specified Temperature Range 

300 



300 



(JlA 

Peak Output Voltage 









Positive 

R L = °°, 5 \iA < 1 ABC < 500 juA 

+ 12 

+ 14.2 


+12 

+14.2 


V 

Negative 

R L - °°, 5 \xA ^ 1 abc ^ 500 juA 

-12 

-14.4 


-12 

-14.4 


V 

Amplifier Supply Current 



1.1 



1.1 


mA 

Input Offset Voltage Sensitivity 









Positive 

AVoffset/AV+ 


20 

150 


20 

150 

juV/V 

Negative 

AVqfFSEt/AV- 


20 

150 


20 

150 

/iV/V 

Common Mode Rejection Ratio 


80 

110 


80 

110 


dB 

Common Mode Range 


±12 

±14 


±12 

±14 


V 

Input Resistance 


10 

26 


10 

26 


kft 

Magnitude of Leakage Current 

•abc = 0 


0.2 

100 


0.2 

5 

nA 

Differential Input Current * 

•abc = 0* Input = ±4 V 


0.02 

100 


0.02 

5 

nA 

Open Loop Bandwidth 



2 



2 


MHz 

Slew Rate 

Unity Gain Compensated 


50 



50 


V//is 


Note 1 : These specifications apply for Vg = ±15 V and T A = 25°C, amplifier bias current OaBC^ = 500 nA, unless otherwise specified. 
Note 2: Selections to supply voltage above ±22V, contact the factory. 
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Typical Performance Characteristics 
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■aBC-AMPLIFIER BIAS CURRENT <pA) 
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T A -AMBIENT TEMPERATURE (°C) 


Input Leakage 



0 1 2 3 4 5 6 7 

DIFFERENTIAL INPUT VOLTAGE (V) 



l/VBC-AMPLIFIER BIAS CURRENT (pA) 


Input Resistance 



•ABC-AMPLIFIER BIAS CURRENT (pA) 


Amplifier Bias Voltage vs 
Amplifier Bias Current 



0.1 1.0 10 100 1000 
lABC-AMPLIFIER BIAS CURRENT (pA) 
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CAPACITANCE (pF) 


Typical Performance Characteristics (Continued) 

Input and Output Capacitance 
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Differential Input Current Test Ci 
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LM3909 




National 

Semiconductor 


Industrial/Automotive/ Functional 
Blocks/Telecommunications 


LM3909 LED Flasher/Oscillator 



General Description 

The LM3909 is a monolithic oscillator specifically 
designed to flash Light Emitting Diodes. By using the 
timing capacitor for voltage boost, it delivers pulses of 
2 or more volts to the LED while operating on a supply 
of 1.5V or less. The circuit is inherently self-starting, 
and requires addition of only a battery and capacitor 
to function as a LED flasher. 

Packaged in an 8-lead plastic mini-DIP, the LM3909 
will operate over the extended consumer temperature 
range of ~25°C to +70°C. It has been optimized for low 
power drain and operation from weak batteries so that 
continuous operation life exceeds that expected from 
battery rating. 

Application is made simple by inclusion of internal 
timing resistors and an internal LED current limit 
resistor. As shown in the first two application circuits, 
the timing resistors supplied are optimized for nominal 
flashing rates and minimum power drain at 1.5V and 3V. 

Timing capacitors will generally be of the electrolytic 
type, and a small 3V rated part will be suitable for any 
LED flasher using a supply up to 6V. However, when 
picking flash rates, it should be remembered that some 
electrolytics have very broad capacitance tolerances, for 
example -20% to +100%. 


Features 

■ Operation over one year from one C size flashlight 
cell 

■ Bright, high current LED pulse 

■ Minimum external parts 

■ Low cost 

■ Low voltage operation, from just over IV to 5V 

■ Low current drain, averages under 0.5 mA during 
battery life 

■ Powerful ; as an oscillator directly drives an 8fi speaker 

■ Wide temperature range 

Applications 

■ Finding flashlights in the dark, or locating boat 
mooring floats 

■ Sales and advertising gimmicks 

■ Emergency locators, for instance on fire extinguishers 

■ Toys and novelties 

■ Electronic applications such as trigger and sawtooth 
generators 

■ Siren for toy fire engine, (combined oscillator, speaker 
driver) 

■ Warning indicators powered by 1.4 to 200V 




Connection Diagram 

Dual-ln-Line Package 

SLOW 


RC 



FAST 

RC TOP VIEW 

Order Number LM3909N 
See NS Package N08B 

Typical Application 

(See applications notes on page 9-97). 


Triac Trigger 
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Absolute Maximum Ratings 

Power Dissipation 500 mW 

V + Voltage 6.4V 

Operating Temperature Range -25°C to +70°C 

Electrical Characteristics 


PARAMETER 

CONDITIONS 

(Applications Note 3) 

MIN 

TYP 

MAX 

UNITS 

Supply Voltage 

(In Oscillation) 

"1.15 


6.0 

: V 

Operating Current 


• 0.65 

0.55 

0.75 

mA 

Flash Frequency 

300/iF, 5% Capacitor 

1.0 

1.3 

Hz 

High Flash Frequency 

0.30/jF, 5% Capacitor 


1.1 


• kHz 

Compatible LED Forward Drop 

1 mA Forward Current 

1.35 


2.1 

V 

Peak LED Current 

350juF Capacitor 


45 


mA 

Pulse Width 

350/liF Capacitors at 1/2 
Amplitude 


6.0 


ms 


Additional Typical Applications (See applications notes below.) 


Warning Flasher 



Typical Operating Conditions 


V + 

NOMINAL 

FLASH Hz 

c T 

Rs 

Rfb 

Vrange 

6V 

2 

400/iF 

Ik 

1.5k ' 

5— 25V 

15V 

2 

180/iF 

3:9k 

Ik 

13— 50V 

100 V 

1.7‘ 

180/iF 

43k 

1W 

Ik 

85— 200V 


Estimated Battery Life 
(Continuous 1.5V Flasher Operation) 



Note: Nominal flash rate: 1 Hz. 



1.0 1.1 1.2 1.3 1.4 1.5 1.6 


BATTERY VOLTAGE (V) 


SIZE CELL 

TYPE | 

STANDARD 

ALKALINE 

AA 

3 months 

6 months 

C 

7 months 

15 months 

D 

1.3 years 

2.6 years 


Note: Estimates are made from our tests and 
manufacturers data. Conditions are fresh bat- 
teries and room temperature. Clad or ''leak- 
proof” batteries are recommended for any 
application of five months or more. Nickel 
Cadmium cells are not recommended. 


APPLICATIONS NOTES 

Note 1: All capacitors shown are electrolytic unless marked otherwise. 

Note 2: Flash rates and frequencies assume a ±5% capacitor tolerance. Electrolytics may vary -20% to +100% of their stated value. 

Note 3: Unless noted, measurements above are made with a 1.4V supply, a 25°C ambient temperature, and a LED with a forward drop of 1.5V to 
1 .7V at 1 mA forward currerit. 

Note 4: Occasionally a flasher circuit will fail to oscillate due to a LED defect that may be missed because it only reduces light output 10% or so. 
Such LEDs can be identified by a large increase in conduction between 0.9V and 1.2V. 
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Typical Applications (Continued) (See applications notes on page 9-97) 


"Buzz Box" Continuity and Coil Checker 


Variable Flasher 


\ / 12-1 
1 I spe; 


5 TEST 

| PROBES 




I 


Note: Differences between shorts, coils, and a few ohms of resistance can be heard. 


Note: Flash rate: 0-20 Hz. 


Incandescent Bulb Flasher 



Note: High efficiency, 4 mA drain. 

Note: Continuous appearing light obtained by supplying 
short, high current, pulses (2 kHz) to LEDs with higher 
than battery voltage available. 



Emergency Lantern/Flasher 



Note: Nominal flash rate; 1.5 Hz. 
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LM3911 



National 

Semiconductor 


Industrial/Automotive/ Functional 
Blocks/Telecommunications 


LM3911 Temperature Controller 


General Description 

The LM3911 is a highly accurate temperature measure- 
ment and/or control system for use over a — 25° C to 
+85°C temperature range. Fabricated on a single mono- 
lithic chip, it includes a temperature sensor, a stable 
voltage reference and an operational amplifier. 

The output voltage of the LM391 1 is directly propor- 
tional to temperature in degrees Kelvin at 10 mV/°K. 
Using the internal op amp with external resistors any 
temperature scale factor is easily obtained. By 
connecting the op amp as a comparator, the output will 
switch as the temperature transverses the set-point 
making the device useful as an on-off temperature 
controller. 

An active shunt regulator is connected across the power 
leads of the LM3911 to provide a stable 6.8V voltage 
reference for the sensing system. This allows the use of 
any power supply voltage with suitable external resistors. 

The input bias current is low and relatively constant 
with temperature, ensuring high accuracy when high 
source impedance is used. Further, the output collector 
can be returned to a voltage higher than 6.8V allowing 
the LM3911 to drive lamps and relays up to a 35V 
supply. 


The LM3911 uses the difference in emitter-base voltage 
of transistors operating at different current densities as 
the basic temperature sensitive element. Since this out- 
put depends only on transistor matching the same 
reliability and stability as present op amps can b6 
expected. 

The LM391 1 is available in three package styles— a metal 
can 4-lead TO-5, a metal can TO-46 and an 8-lead epoxy 
mini-DIP. In the epoxy package all electrical connections 
are made on one side of the device allowing the other 
4 leads to be used for attaching the LM391 1 to the 
temperature source. The LM391 1 is rated for operation 
over a — 25°C to +85° C temperature range. 

Features 

■ Uncalibrated accuracy ±10° C 

■ Internal op amp with frequency compensation 

■ Linear output of 10 mV/°K (10 mV/°C) 

■ Can be calibrated in degrees Kelvin, Celsius or 
Fahrenheit 

■ Output can drive loads up to 35V 

■ Internal stable voltage reference 

■ Low cost 



Typical Applications 


Proportioning Temperature Controller 


Ground Referred 
Centigrade Thermometer 
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Absolute Maximum Ratings 

Supply Current (Externally Set) 

Output Collector Voltage, V ++ 

Feedback Input Voltage Range 
Output Short Circuit Duration 


10mA 
36V 
0V to +7.0V 
Indefinite 


Operating Temperature Range -25 C to +85 C 

Storage Temperature Range ~65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (Note 1) 


| PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS ] 

| SENSOR 1 

Output Voltage 

T a = -25°C, (Note 2) 

2.36 

2.48 

2.60 

V 

Output Voltage 

T a = 25° C, (Note 2) 

2.88 

2.98 

3.08 

V 

Output Voltage 

T a = 85° C, (Note 2) 

3.46 

3.58 

3.70 

V 

Linearity 

AT = 100°C 


0.5 

2 

, % 

Long-Term Stability 

- 


0.3 


% 

Repeatability 



0.3 


% 

| VOLTAGE REFERENCE | 

Reverse Breakdown Voltage 

1 mA < ! z < 5 mA 

6.55 

6.85 

7.25 

V 

Reverse Breakdown Voltage 

1 mA < l z < 5 mA 


10 

35 

mV 

Change With Current 






Temperature Stability 



20 

85 

mV 

Dynamic Impedance 

l 2 = 1 mA 


3.0 


n 

RMS Noise Voltage 

10 Hz<f < 10 kHz 


30 


pV 

Long Term Stability 

T A = +85° C 


6.0 


mV 

| OP AMP 1 

Input Bias Current 

T a = +25°C 


35 

150 

nA 

Input Bias Current 



45 

250 

nA 

Voltage Gain 

R L = 36k,V ++ = 36V 

2500 

15000 


V/V 

Output Leakage Current 

T a = 25°C (Note 3) 


0.2 

2 . 

pA 

Output Leakage Current 

(Note 3) 


1.0 

8 

PA 

Output Source Current 

Vqut <3.70 

10 



pA 

Output Sink Current 

IV < V OUT < 36V 

2.0 



mA 


Note 1: These specifications apply for — 25° C < T/\ < +85°C and 0.9 mA < IsUPPLY <1-1 mA unless otherwise specified; Cl < 50 pF. 

Note 2: The output voltage applies to the basic thermometer configuration with the output and input terminals shorted and a load resistance 
of > 1.0 Mf2. This is the feedback sense voltage a|id includes errors in both the sensor and op amp. This voltage is specified for the sensor in a 
rapidly stirred oil bath. The output is referred to V . 

Note 3: The output leakage current is specified with > 100 mV overdrive. Since this voltage changes with temperature, the voltage drive for 
turn-off changes and is defined as Vqut (with output and input shorted) -100 mV. This specification applies for Vqut = 36V. 


Application Hints 


Although the LM3911 is designed to be totally trouble- 
free, certain precautions should be taken to insure the 
best possible performance. 

As with any temperature sensor, internal power dissipa- 
tion will raise the sensor's temperature above ambient. 
Nominal suggested operating current for the shunt 
regulator is 1.0 mA and causes 7.0 mW of- power dissi- 
pation. In free, still, air this raises the package tempera- 
ture by about 1.2°K. Although the regulator will operate 
at higher reverse currents and the output will drive loads 
up to 5.0 mA, these higher currents will raise the sensor 
temperature to about 19°K above ambient— degrading 
accuracy. Therefore, the sensor should be operated at 
the lowest possible power level. 

With moving air, liquid or surface temperature sensing, 
self-heating is not as great a problem since the measured 


media will conduct the heat from the sensor. Also, there 
are many small heat sinks designed for transistors which 
will improve heat transfer to the sensor from the sur- 
rounding medium. A small finned clip-on heat sink is 
quite effective in free-air. It should be mentioned that 
the LM391 1 die is on the base of the package and there- 
fore coupling to the base is preferrable. 


The internal reference regulator provides a temperature 
stable voltage for offsetting the output or setting a com- 
parison point in temperature controllers. However, since 
this reference is at the same temperature as the sensor 
temperature changes will also cause reference drift. For 
application, where maximum accuracy is needed an 
external reference should be used. Of course, for fixed 
temperature controllers the internal reference is 
adequate. 
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E Typical Performance Characteristics 
co 

S? Temperature Conversion Op 


^centigrade = T c 

^FAHRENHEIT = Tp 
^KELVIN = Tk 

T k = T c + 273 

5 

T c = (40 + T f ) - -40 


T F = (40 + T c ) - -40 
5 


Op Amp Input Current 



-55 -35 -15 5.0 25 45 65 85 105 1Z5 
TEMPERATURE (°C) 


Power Supply Current 
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DEVICE VOLTAGE (V) 


Output Saturation Voltage 



0 1.0 2.0 3.0 4.0 5.0 

SATURATION VOLTAGE (V) 
(REFFERED TO V") 


Thermal Time Constant 
in Stirred Oil Bath 
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0 2.0 4.0 6.0 8.0 10 12 14 

TIME (SECONDS) 


Thermal Time Constant in 
Still Air 


100 TO-46 

1 80 



0 2.0 4.0 6.0 8.0 10 12 

TIME (MINUTES) 


Supply Sensitivity 


Device Temperature Rise 


Device Temperature Rise 



4.0 5.0 6.0 1.0 2.0 3.0 4.0 5.0 


SUPPLY SUPPLY 

VOLTAGE (V) CURRENT (mA) 



0 2.0 4.0 6.0 8.0 10 

SHUNT REGULATOR CURRENT (mA) 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

OUTPUT SINK CURRENT (mA) 


Reference Regulation 


Turn "ON" Response 


Amplifier Output Impedance 
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Schematic Diagram 


v + 



Typical Applications (Continued) 

Basic Thermometer for Negative Supply 

mE 


OUTPUT 

LM3911 

INPUT 


tr 


^ V.5k Note: Load current to GND is 
! supplied through R s 


15V 

R s = <V"-6.8V)X10 3 J2 


Basic Thermometer 
for Positive Supply 



OUTPUT 
10 mV/"K 


R s = (V - -6.8V) X 1Q 3 I> 


External Frequency Compensation 
for Greater Stability when Driving 
Capacitive Loads 


15V 



Operating With External Zener for 
Lower Power Dissipation and Ambient 
Reference 


15V 



Increasing Gain and Output Drive 
15V 



Temperature Controller With Hysteresis 



tSet temperature 
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Typical Applications (Continued) 


Thermometer With Meter Output 


Meter Thermometer With Trimmed Output 


*_ (Vz) 0.01 AT ** 
= l M (Vz - 0.01 T 0 ) 



B21k Vz * Shunt regulator voltage (use 6.85) 
AT ■ Meter temperature span (°K) 
l M = Meter full scale current (A) 

T 0 = Meter zero temperature (°K) 
ft* | Q = Current through R1, R2, R3 at zero 
8-lk meter current ( 1 0^iA to 1.0 mA) (A) 

♦ Values shown for: 

T 0 = 300° K. AT = 100° K, 

' l M = 1.0 mA. I Q = 100 mA 


* *The 0.01 in the above and following equations is in units of V/ K or V/ C, 
and is a result of the basic 0.01V/' K sensitivity of the transducer 


6.0k 



*Selected as for meter thermometer except To should 
be 5°K more than desired and l Q - 100 m A 
1 Calibrates T 0 


Ground Referred Thermometer 



Ground Referred Centigrade Thermometer 


V z = Shunt regulator voltage 
AT = Temperature span (°K) 

T 0 = Temperature for zero output (°K) 
V 0 = Full scale output voltage < 10V 
. I Q = Current through R1, R2, R3 at zerc 
output voltage (typically 100pA to 
1.0 mA) 



Two Terminal Temperature to Current Transducer* 



T h (V z - 0.01 T u ) - T t (V 2 - 0.01 T H ) 


1 ( R2)(0.01 T L ) 

(Vz — ‘ 0.01 T L )(R2) R1 


T l = Temperature for l L ( K) 

T H = Temperature for l H ( K) 

V 2 = Zener voltage (V) 

l L = Low temperature output current (A) 

l H = High temperature output current (A) 


J 1 I * Values shown for l OUT - 1 mA to 10 mA for 10°F to 1 00°F 

* ~ tSet temperature 

*The 0.01 in the above and following equations is in units of V/°K or V/ C, and is a result of the basic 0.01 VAK sensitivity of the transducer 
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Typical Applications (Continued) 

Over Temperature Detectors With Common Output 


15V 



Two-Wire Remote A.C. Electronic Thermostat (Gas or Oil Furnace Control) 



SCR heating, by proper positioning, can preheat the sensor giving control anticipation as is presently used in many home thermostats. 


Temperature Controller Driving TRIAC 


BLACK 
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Typical Applications (Continued) 


Three-Wire Electronic Thermostat 



temperature stability. 


Almost any TRIAC rated 1 to 35 amperes 


usable with appropriate load. 


Kelvin Thermometer With 
Ground Referred Output 


Differential Thermometer 
R2 
150k 


INPUT I 4 

LM3911 I J 
OUTPUT I— -| 2N2905 


v + 




i ik, 1% 

IN V+ 


IN 


Cl 

_l_ 


LM3911 



0.001 


LM3911 

NO. 1 



MFD 


NO. 2 

V 

OUT 

— 

Hh 

i i— 

OUT y . 


■/LM103 X-^IOnV/T'K 

k 3.6V \ 0UTPUT 

<3.0k 


Connection Diagram 


Output can swing *3Vat *50^A 
with low output impedance 


* The 0.01 in the above equation is in units of V/ K or Ml C. and is a result of the basic 0.01 V/K sensitivity of the transducer 


Dual-In-Line Package 



Order Number LM3911N 
See NS Package N08B 
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National 
Semiconductor 

LM3914 Dot/Bar Display Driver 

General Description 


Industrial/Automotive/ Functional 
Blocks/Telecommunications 


The LM3914 is a monolithic integrated circuit that 
senses analog voltage levels and drives 10 LEDs, pro- 
viding a linear analog display. A single pin changes the 
display from a moving dot to a bar graph. Current drive 
to the LEDs is regulated and programmable, eliminating 
the need for resistors. This feature is one that allows 
operation of the whole system from less than 3V. 

The circuit contains its own adjustable reference and 
accurate 10-step voltage divider. The low-bias-current 
input buffer accepts signals down to ground, or V , yet 
needs no protection against inputs of 35V above or 
below ground. The buffer drives 10 individual com- 
parators referenced to the precision divider. Indication 
non-linearity can thus be held typically to 1/2%, even 
over a wide temperature range. 

Versatility was designed into the LM3914 so that 
controller, visual alarm, and expanded scale functions 
are easily added on to the display system. The circuit 
can drive LEDs of many colors, or low-current incan- 
descent lamps. Many LM3914s can be "chained" to form 
displays of 20 to over 100 segments. Both ends of the 
voltage divider are externally available so that 2 drivers 
can be made into a zero-center meter. 

The LM3914 is very easy to apply as an analog meter 
circuit. A 1.2V full-scale meter requires only 1 resistor 
and a single 3V to 15V supply in addition to the 10 
display LEDs. If the 1 resistor is a pot, it becomes the 
LED brightness control. The simplified block diagram 
illustrates this extremely simple external circuitry. 

When in the dot mode, there is a small amount of 
overlap or "fade" (about 1 mV) between segments. This 
assures that at no time will all LEDs be "OFF", and 


thus any ambiguous display is avoided. Various novel 
displays are possible. 

Much of the display flexibility derives from the fact 
that all outputs are individual, DC regulated currents. 
Various effects can be achieved by modulating these 
currents. The individual outputs can drive a transistor as 
well as a LED at the same time, so controller functions 
including "staging" control can be performed. The 
LM3914 can also act as a programmer, or sequencer. 

Features 

■ Drives LEDs, LCDs or vacuum fluorescents 

■ Bar or dot display mode externally selectable by user 

■ Expandable to displays of 100 steps *. 

■ Internal voltage reference from 1.2V to 12V 

■ Operates with single supply of less than 3V 

■ Inputs operate down to ground 

■ Output current programmable from 2 to 30 mA 

■ No multiplex switching or interaction between outputs 

■ Input withstands ±35V without damage or false 
outputs 

■ LED driver outputs are current regulated, open- 
collectors 

■ Outputs can interface with TTL or CMOS logic 

■ The internal 10-step divider is floating and can be 
referenced to a wide range of voltages 

The LM3914 is rated for operation from 0°C to +70°C. 
The LM3914N is available in an 18-lead molded (N) 
package and the LM3914J comes in the 18-lead ceramic 
DIP. 

The following typical application illustrates adjusting of 
the reference to a desired value, and proper grounding 
for accurate operation, and avoiding oscillations. 


Typical Applications 


0V to 5V Bar Graph Meter 


2 



VtEO 


Note 1: Grounding method is typical of 
afl uses. The 2.2 #iF tantalum or 10 tif 
aluminum electrolytic capacitor is needed 
if leads to the LED supply are 6" or 
longer. 


V + 6.8V-18V 


Ref Out V = 1.25 
12.5 

,LED -^r 




9-107 


LM3914 





LM3914 


Absolute Maximum Ratings ■ . v 

Power Dissipation (Note 5) Input Signal Overvoltage (Note 3) ±35V 

Ceramic DIP (J) - 1W Divider Voltage -100 mV to V + 

Molded DIP (N) 625 mW Reference Load Current 10 mA 

Supply Voltage 25V Storage Temperature Range -55°C to +150° C 

Voltage on Output Drivers 25V Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note d 

PARAMETER 

CONDITIONS (Note 1) 

MIN 

TYP 

MAX 

UN|TS 

COMPARATOR 






Offset Voltage, Buffer and First 

0V<V RLO = V RH |<12V. 


3 

10 

mV 

Comparator 

•led = 1 mA 





Offset Voltage, Buffer and Any Other 

0V < Vrlo = Vrhi < 12V, 


3 

15 

mV 

Comparator 

•LED = 1 mA 





Gain (AIlED/^ v IN) 

•L(REF) = 2 mA, IleD = 10 mA 


8 


mA/mV 

Input Bias Current (at Pin 5) 

0V< V|n<V + -1.5V 


10 

50 

nA 

Input Signal Overvoltage 

No Change in Display 

-35 


35 

V 

VOLTAGE-DIVIDER 





■■■■■HI 

Divider Resistance 

Total, Pin 6 to 4 

6.5 

10 

15 

kU 

Accuracy 

(Note 2) 


0.5 

2 

% 

VOLTAGE REFERENCE 





mmmmm 

Output Voltage 

0.1 mA< Il(REF) <4 mA, 

1.2 

1.28 

1.34 

V 

' 

V + = V L eD = 5V 





Line Regulation 

3V < V + < 18V 


0.01 


%/V 

Load Regulation 

0.1 mA < Il(REF) < 4 mA, 


0.4 

2 

% , 


V + = V L ED = 5V 





Output Voltage Change With 

0°C<T A <+70°C, 1 L(REF) = 1 mA, 


1 


% 

Temperature 

V + = 5V 





Adjust Pin Current 



75 

120 

pA 

OUTPUT DRIVERS 






LED Current 

v + = VLED = 5V, Il(REF) = 1 mA 

7 

10 

13 

mA 

LED Current Difference (Between 

Vj_ED * 5V, IleD = 2 mA 


0.12 

0.4 

mA 

Largest and Smallest LED Currents) 

V LED ~ 5V, IlED = 20 mA 


1.2 

3 

mA 

LED Current Regulation 

2V<V L ED<17V l L ED = 2mA 


0.1 

0.25 

mA 


•LED = 20 mA 


1 

3 

mA 

Dropout Voltage 

•LED(ON) = 20 mA, VLED = 5V, 



1.5 

V 


Al LED = 2 mA 





Saturation Voltage 

• LED = 2.0 mA, Il(REF) = 0.4 mA 


0.15 

0.4 

V 

Output Leakage, Each Collector 

(Bar Mode) (Note 4) 


0.1 

10 

iuA 

Output Leakage 

(Dot Mode) (Note 4) 





Pins 10-18 



0.1 

10 

juA 

Pin 1 


60 

150 

450 

pA 

SUPPLY CURRENT 







V + * 5V, Il(REF) = 0.2 mA 

m 

2.4 

mm 



V + = 20V, Il(REF)= 10 mA 


6.1 

WM 


Note 1: Unless otherwise stated, all specifications apply with the following conditions: 





3 V DC < V + < 20 V DC 

V REF* v RHb v RL o < (v 

-1.5V) 




3 V DC < V LED < v+ 

0V<V| N < V + -1.5V 





-0.015V <V RL0 < 12 V 0C 

T A = +25° C, Il(REF) = 0-2 mA, V LED = 3.0V, 

pin 9 connected to pin 3 (Bar Mode). 

For higher power dissipations, pulse testing is used. 






Note 2: Accuracy is measured referred to +10.000 Vnr at pin 6, with 0.000 Vnr P* n 4. At lower full-scale voltages, buffer and comparator 

offset voltage may add significant error. 





■ 

Note 3: Pin 5 Input current must be limited to ±3 mA. The addition of a 39k resistor in series with pin 5 allows ±100V signals without damage. 

Note 4: Bar mode results when pin 9 is within 20 mV of V + . Dot mode results when pin 9 is pulled at least 200 mV below V + or left open circuit. 

LED No. 10 (pin 10 output current) is disabled if pin 9 is pulled 0.9V or more below Vj_|=C). 




Note 5: The maximum junction temperature of the LM3914 is 100°C. Devices must be derated for operation at elevated temperatures. Junction 

| to ambient thermal resistance is 75°C/W for the ceramic DIP (J package) and 120°C/W for the molded DIP (N package). 
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Definition of Terms 


Accuracy: The difference between the observed threshold 
voltage and the ideal threshold voltage for each com- 
parator. Specified and tested with 10V across the internal 
voltage divider so that resistor ratio matching error 
predominates over comparator offset voltage. 

Adjust Pin Current: Current flowing out of the reference 
adjdst pin when the reference amplifier is in the linear 
region. 

Comparator Gain: The ratio of the change in output 
current ( I LED) to the change in input voltage (V||\j) 
required to produce it for a comparator in the linear 
region. 

Dropout Voltage: The voltage measured at the current 
source outputs required to make the output current 
fall by 10%. 

Input Bias Current: Current flowing out of the signal 
input when the input buffer is in the linear region. 


LED Current Regulation: The change in output current 
over the specified range of LED supply voltage (VlEEd) 
as measured at the current source outputs. As the 
forward voltage of an LED does not change significantly 
with a small change in forward current, this is equivalent 
to changing the voltage at the LED anodes by the 
same amount. 

Line Regulation: The average change in reference output 
voltage over the specified range of supply voltage (V + ). 

Load Regulation: The change in reference output voltage 
< v REF) over the specified range of load current 
OL(REF))- 

Offset Voltage: The differential input voltage which 
must be applied to each comparator to bias the output 
in the linear region. Most significant error when, the 
voltage across the internal voltage divider is small. 
Specified and tested with pin 6 voltage (Vpj^i) equal 
to pin 4 voltage (Vrlq). 


9 
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LM3914 


Typical Performance Characteristics 


Supply Current vs 
Temperature 



0 25 50 75 

TEMPERATURE <°C) 


Operating Input Bias 
Current vs Temperature 



0 25 50 75 

TEMPERATURE (°C) 


Reference Adjust Pin 
Current vs Temperature 



-25 0 25 50 75 100 

TEMPERATURE (°C) 


LED Current-Regulation 
Dropout 



0 5 10 . 15 20 25 

LED CURRENT (mA) 


Input Current Beyond 
Signal Range (Pin 5) 



-40 -30 -20 -10 0 10 20 30 40 


LED Current vs 
Reference Loading 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

REFERENCE LOAD CURRENT (mA) 


Total Divider Resistance 
vs Temperature 



-25 0 25 50 75 100 


Common-Mode Limits 



0 20 40 60 80 


TEMPERATURE TO 


TEMPERATURE <:C) 


Reference Voltage vs 
Temperature 


1.29 

1.28 

1.27 













'J 

REFAD 

JUSTED 

il 




* 





ki 

REF ADJ 

1 

! 

1 PIN GR 



OUNDE 



1 

) 




_ 



10.20 
10.10 _ 
io.oo ; 


0 25 50 75 

TEMPERATURE (°C) 


LED Driver Saturation 
Voltage 



LED CURRENT (mA) 


LED Driver Current 
Regulation 



Output Characteristics 



0.2 0.4 0.6 0.8 1.0 

OUTPUT VOLTAGE(V) 
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Block Diagram (Showing Simplest Application) 



Functional Description 


The simplified LM3914 block diagram is, to give the 
general idea of the circuit's operation. A high input 
impedance buffer operates with signals from ground to 
12V, and is protected against reverse and overvoltage 
signals. The signal is then applied to a series of 10 
comparators; each of which is biased to a different 
comparison level by the resistor string. 

In the example illustrated, the resistor string is connected 
to the internal 1.25V reference voltage. In this case, for 
each 125 mV that the input signal increases, a com- 
parator will switch on another indicating LED. This 


resistor divider can be connected between any 2 voltages, 
providing that they are 1.5V below V + and no less than 
V . If an expanded scale meter display is desired, the 
total divider voltage can be as little as 200 mV. Ex- 
panded-scale meter displays are more accurate and the 
segments light uniformly only if bar mode is used. At 
50 mV or more per step, dot mode is usable. 

Internal Voltage Reference 

The reference is designed to be adjustable and develops 
a nominal 1.25V between the REF OUT (pin 7) and 
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LM3914 


Functional Description (Continued) 

REF ADJ (pin 8) terminals. The reference voltage is 
impressed across program resistor R1 and, since the 
voltage is constant/ a constant current !•) then flows 
through the output set resistor R2 giving an output 
voltage of: 



Since the 120/uA current (max) from the adjust terminal 
represents an error term, the reference was designed to 
minimize changes of this current with V + and load 
changes. 

Current Programming 

A feature not . completely illustrated by the block 
diagram is the LED brightness control. The current 
drawn out of the reference voltage pin (pin 7) determines 
LED current. Approximately 10 times this current will 
be drawn through each lighted LED, and this current 
will be , relatively constant despite supply voltage and' 
temperature changes. Current drawn by the internal 10- 
resistor divider, as well as by the external current and 
voltage-setting divider should be included in calculating 
LED drive current. The ability to modulate LED 
brightness with time, or in proportion to input voltage 
and other signals can lead to a number of novel displays 
or ways of indicating input overvoltages, alarms, etc. 

Mode Pin Use 

Pin 9, the Mode Select input controls chaining of multiple 
LM3914s, and controls bar or dot mode operation. The 
following tabulation shows the basic ways of using this 
input. Other more complex uses will be illustrated in 
the applications. 

Bar Graph Display: Wire Mode Select (pin 9) directly 
to pin 3 (V + pin). 

Dot Display, Single LM3914 Driver: Leave the Mode 
Select pin open circuit. 

Dot Display, 20 or More LEDs: Connect pin 9 of the 
first driver in the series (i.e., the one with the lowest 
inputvoltage comparison points) to pin 1 of the next 
higher LM3914 driver. Continue connecting pin 9 of 
lower input drivers to pin 1 of higher input drivers for 
30, 40, or more LED displays. The last LM3914 driver 
in the chain will have pin 9 wired to pin 11. All 
previous drivers should have a 20k resistor in parallel 
with LED No. 9 (pin 1 1 to Vled)- 


Characteristics of Mode Select Pin (Pin 9) 

The connections for using this pin have already been 
summarized. The mode pin will cause the bar graph 
display to appear if within 20 mV of V + voltage (pin 3). 
The dot LED display will occur if the mode pin is 
200 mV or more below V + voltage. LED No. 10 will be 
turned OFF if pin 9 is pulled 0.9V below Vl£D- A 
20k 5% resistor must be in place from pin 1 1 to V|_EID 
(i.e., in parallel with LED No. 9) for dot displays using 
2 or more LM3914s. The less than 100 juA shunted away 
by this resistor will make a negligible difference in the 
brightness of almost any red LED display. For other 
colors of LEDs, the resistor value can increase in direct 
proportion to the typical LED voltage drop. 

In "chaining" display drivers, some further characteristics 
must be considered. Bar graph displays of 20 or more 
segments are simple. All that is needed is to connect the 
mode pin of each device to pin 3 of the same device 
(the V + pin). It should be noted that the Mode Select 
Amplifier looks at 3 inputs to determine whether to 
show a bar display, a dot display, or a dot display 
using multiple LM3914 devices. This last action is the 
"chaining" or carry function that turns OFF LED No. 10 
of one LM3914 when the first LED of the next device 
up the chain turns ON. The 3 needed inputs to the Mode 
Select Amplifier are; pin 9, the devices V + pin and pin 11 
(the cathode of LED No. 9). 

If, for instance, a 20-segment dot mode'display is desired, 
the mode pin of the first LM3914 is connected to pin 1 
of the second device (which is actually driving LED No. 
11 of the entire display). Even if this LED is OFF, if 
any LED numbered 12 through 20 is ON, about IOOjuA 
will be sunk by pin 1 of this second device (minimum 
60 juA). This is not enough to light LED No. 11 
significantly, but is sufficient to be sensed by the mode 
pin and turn OFF LED No. 10 of the first device for 
proper display. 

Other Device Characteristics 

The LM3914 is relatively low-powered itself, and since 
any number of LEDs can be powered from about 3V, it 
is a very efficient display driver. Typical standby supply 
current (all LEDs OFF) is 1.6 mA (2.5 mA max). 
However, any reference loading adds 4 times that current 
drain to the v (pin 3) supply input. For example, an 
LM3914 with a 1 mA reference pin load (1.3k), would 
supply almost 10 mA to every LED while drawing only 
5.6 mA from its V + pin supply. At full-scale, the 1C is 
typically drawing less than 7% of the current supplied to 
the display. 

The display driver does, not have built-in hysteresis so 
that the display does not jump instantly from ode LED 
to the next. Under rapidly changing signal conditions, 
this cuts down high frequency noise and often an annoy- 
ing flicker. An "overlap" is built in so that at no time 
between segments are all LEDs completely OFF in the 
dot mode. Generally 1 LED fades in while the other 
fades out over a mV or more of range (Note 2). The 
change may be much more rapid between LED No. 10 
of one device and LED No. 1 of a second device 
"chained" to the first. 
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Functional Description (Continued) 

The LM3914 features individually current regulated LED 
driver transistors. Further internal circuitry detects when 
any driver transistor goes into saturation, and prevents 
pther. circuitry from drawing excess current. This results 
in the ability of the LM3914 to drive and regulate LEDs 
powered from a pulsating DC power source, i.e., largely 
unfiltered. (Due to possible oscillations at low voltages a 


nominal bypass capacitor consisting of a 2.2 juF solid 
tantalum connected from the pulsating LED supply to 
pin 2 of the LM3914 is recommended.) This ability to 
operate with low or fluctuating voltages also allows the 
display driver to interface with logic circuitry, opto- 
coupled solid-state relays, and low-current incandescent 
lamps. 


Typical Applications (Continued) 


Zero-Center Meter, 20-Segment 



INPUT SIG 
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Typical Applications (Continued) 


Expanded Scale Meter, Dot or Bar 


6V AC T010V AC 
CENTERTAPPED 
(ie 5-0-5 MAX) 




LEO 
I NO. 1 


A/ 

A/ 

AJ 

Aj 

A/ 

A/ 

A/ 

A/ 

r 3 

r 3 

r 3 

r 3 

r 3 

r 3 

r 3 

r 3 

_18 

17 

J6 

25 

_14 

13 

12 

ii 




Application Example: Grading 5V Regulators 


This application illustrates that the LED 
supply needs practically no filtering 

Calibration: With a precision meter be- 
tween pins 4 and 6 adjust R1 for voltage 
Vo of 1.20V. Apply 4.94V to pin 5, and 
adjust R4 until LED No. 5 just lights. 
The adjustments are non-interacting. 


1 

R3 R4 _L 

3.40k Ik *=T 


HIGHEST NO. 
LED ON 

COLOR 

VOUT(MIN) 

10 

Red 

5.54 

9 

Red 

5.42 

8 

Yellow 

5.30 

7 

Green 

5.18 

6 

Green 

5.06 

5V 1 

5 

Green 

4.94 

4 

Green 

4.82 

3 

Yellow 

4.7 

2 

Red 

4.58 

1 

Red 

4.46 


"Exclamation Point" Display 
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Typical Applications (Continued) 


Indicator and Alarm, Full-Scale Changes Display From Dot to Bar 


LM3914 

r lo sig r hi 


REF REF 

OUT ADJ MODE 


0V-1.2V L 


620 > 


5k < 4 1 

"BRIGHTNESS” ^ 

*The input to the Dot-Bar Switch may 
be taken from cathodes of other LEDs. 
Display will change to bar as soon as 
the LED so selected begins to light. 

Bar Display with Alarm Flasher 



17 116 115 14 | 13 12 


LM3914 

v + r lo sig Rhi ref out ref adj mode 


Full-scale causes the full bar display to 
flash. If the junction of R1 and Cl is 
connected to a different LED cathode, 
the display will flash when that LED 
lights, and at any higher input signal. 


LM3914 
























LM3914 


Typical Applications (Continued) 


Adding Hysteresis (Single Supply, Bar Mode Only) 

" v + 

(5V) 



Operating with a High Voltage Supply (Dot Mode Only) 


3.9k < 
1W< 


p 3.9k 
► 1W 


The LED currents are approximately 10 
mA, and the LM3914 outputs operate in 
saturation for minimum dissipation. 


] aj yy ]a/ a/ a/ 1a 

: t t y. y. t 


LED 
NO. 1 



A/ 


AJ 


LED 
NO. 10 


LM3914 


REF REF 

V + r L 0 SIG r HI OUT ADJ MODE 


3.4 V* 


This point is partially regulated and 
decreases in voltage with temperature. 
Voltage requirements of the LM3914 
also decrease with temperature. 



IT 


“ITT 


■AAAr— | 
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Typical Applications (Continued) 



Application Hints 

Three of the most commonly needed precautions for 
using the LM3914 are shown in the first typical applica- 
tion drawing (see page 9-108) showing a 0V— 5V bar 
graph meter. The most difficult problem occurs when 
large LED currents are being drawn, especially in bar 
graph mode. These currents: flowing out of the ground 
pin cause voltage drops in external wiring, and thus 
errors and oscillations. Bringing the return wires from 
signal sources, reference ground and bottom of the 
resistor string (as illustrated) to a single point very near 
pin 2 is the best solution. 

Long wires from Vleo to LED anode common can 
cause oscillations. Depending on the severity of the 
problem 0.05 jjlF to 2.2 fi F decoupling capacitors from 
LED anode common to pin 2 will damp the circuit. If 
LED anode line wiring is inaccessible, often similar 
decoupling from pin 1 to pin 2 will be sufficient. 

If LED turn ON seems slow (bar mode) or several LEDs 
light (dot mode), oscillation or excessive noise is usually 
the problem. In cases where proper wiring and bypassing 
fail to stop oscillations, V + voltage at pin 3 is usually 
below suggested limits (see Note 2, page 9-108). Ex- 
panded scale meter applications may have one or both 
ends of the internal voltage divider terminated at rela- 


tively high value resistors. These high-impedance ends 
should be bypassed to pin 2 with at least a 0.001 juF 
capacitor, or up to 0.1 (iF in noisy environments. 

Power dissipation, especially in bar mode should be given 
consideration. For example, with a 5V supply and all 
LEDs programmed to 20 mA the driver will dissipate 
over 600 mW. In this case a 7.5ft resistor in series with 
the LED supply will cut device heating in half. The 
negative end of the resistor should be bypassed with a 
2.2 /iF solid tantalum capacitor to pin 2 of the LM3914. 

Turning OFF of most of the internal current sources is 
accomplished by pulling positive on the reference with a 
current source or resistance supplying 100 juA or so. 
Alternately, the input signal can be gated OFF with 
a transistor switch. 

Other special features and applications characteristics will 
be illustrated in the following applications schematics. 
Notes have been added in many cases, attempting to 
cover any special procedures or unusual characteristics 
of these applications. A special section called "Applica- 
tion Tips for the LM3914 Adjustable Reference" has 
been included with these schematics. 
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Application Hints (Continued) 

APPLICATION TIPS FOR THE LM3914s ADJUSTABLE REFERENCE 


Greatly Expanded Scale (Bar Mode Only) 

Placing the LM3914s internal resistor divider in parallel 
with a section (~230£2) of a stable, low resistance 
divider greatly reduces voltage changes due to 1C resistor 
value changes with temperature. Voltage Vi should be 
trimmed to 1.1V first by use of R2. Then the voltage V 2 
across the 1C divider string can be adjusted to 200 mV, 
using R5 without affecting V*|. LED current will be 
approximately 10 m A. 

Non-Interacting Adjustments for Expanded Scale Meter 
(4.5V to 5V, Bar or Dot Mode) 

This arrangement allows independent adjustment of LED 
brightness regardless of meter span and zero adjustments. 

First, Vi is adjusted to 5V, using R2. Then the span 
(voltage across R4) can be adjusted to exactly 0.5V 
using R6 without affecting the previous adjustment. 

R9 programs LED currents within a range of 2.2 mA to 
20 mA after the above settings are made. 


Adjusting Linearity of Several Stacked Dividers 

Three internal voltage dividers are shown connected in 
series to provide a 30-step display. If the resulting analog 
meter is to be accurate and linear the voltage on each 
divider must be adjusted, preferably without affecting 
any other adjustments. To do this, adjust R2 first, so 
that the voltage across R5 is exactly IV. Then the 
voltages across R3 and R4 can be independently adjusted 
by shunting each with selected resistors of 6 k£2 or 
higher resistance. This is possible because the reference 
of LM3914 No. 3 is acting as a constant current source. 

The references associated with LM3914s No. 1 and No. 2 
should have their Ref Adj pins (pin 8) wired to ground, 
and their Ref Outputs loaded by a 620£2 resistor to 
ground. This makes available similar 20 mA current 
outputs to all the LEDs in the system. 

If an independent LED brightness control is desired (as 
in the previous application), a unity gain buffer, such as 
the LM310, should be placed between pin 7 and R1, 
similar to the previous application. 


Greatly Expanded Scale (Bar Mode Only) 


Non-Interacting Adjustments for Expanded Scale Meter 
(4.5V to 5V, Bar or Dot Mode) 



Adjusting Linearity of Several Stacked Dividers 


R1 
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Other Applications 

■ "Slow" — fade bar or dot display (doubles resolution) 

■ 20-step meter with single pot brightness control 

■ 10-step (or multiples) programmer 

■ Multi-step or "staging" controller 

■ Combined controller and process deviation meter 

■ Direction and rate indicator (to add to DVMs) 

■ Exclamation point display for power saving 


Connection Diagram 

Dual-In-Line Package 

1 

LED no. i — 

2 

V“ — 

. 3 

V + — 

DIVIDER 
(LOW END) 

5 

SIGNAL INPUT — 

DIVIDER J« 

(HIGH END) 

REFERENCE OUTPUT — 

REFERENCE ADJUST — 

9 

MODE SELECT — 

TOP VIEW 

Order Number LM3914N 
See NS Package N18A 
Order Number LM3914J 
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■ Graduations can be added to dot displays. Dimly 
light every other LED using a resistor to ground 

■ Electronic "meter-relay"— display could be circle or 
semicircle 

■ Moving "hole" display— indicator LED is dark, rest of 
bar lit 

■ Drives vacuum-fluorescent and LCDs using added 
passive parts 


LM3914 



LM3915 



National 

Semiconductor 


Industrial/Automotive/Functional 

Blocks/Telecommunications 


LM3915 Dot/Bar Display Driver 


General Description 

The LM3915 is a monolithic integrated circuit that senses 
analog voltage levels and drives ten LEDs, LCDs or 
vacuum fluorescent displays, providing a logarithmic 3 
dB/step analog display. One pin changes the display from 
a bar graph to a moving dot display. LED current drive is 
regulated and programmable, eliminating the need for 
current limiting resistors. The whole display system can 
operate from a single supply as low as 3V or as high as 
25V. 

The 1C contains an adjustable voltage reference and an 
accurate ten-step voltage divider. The high-impedance in- 
put buffer accepts signals down to ground and up to 
within 1.5V of the positive supply. Further, it needs no pro- 
tection against inputs of ± 35V. The input buffer drives 10 
individual comparators referenced to the precision 
divider. Accuracy is typically better than 1 dB. 

The LM3915’s 3 dB/step display is suited for signals with 
wide dynamic range, such as audio level, power, light in- 
tensity or vibration. Audio applications include average 
or peak level Indicators, power meters and RF signal 
strength meters. Replacing conventional meters with an 
LED bar graph results in a faster responding, more 
rugged display with high visibility that retains the ease of 
interpretation of ah analog display. 

The LM3915 is extremely easy to apply. A 1.2V full-scale 
meter requires only one resistor in addition to the ten 
LEDs. One more resistor programs the full-scale 
anywhere from 1.2V to 12V independent of supply voltage. 
LED brightness is easily controlled with a single pot. 


The LM3915 is very versatile. The outputs can drive LCDs, 
vacuum fluorescents and incandescent bulbs as well as 
LEDs of any color. Multiple devices can be cascaded for a 
dot or bar mode display with a range of 60 or 90 dB. 
LM3915S can also be cascaded with LM3914s for a 
linear/log display or with LM3916S for an extended-range 
VU meter. 

Features 

■ 3 dB/step, 30 dB range 

■ Drives LEDs, LCDs, or vacuum fluorescents 

■ Bar or dot display mode externally selectable by user 

■ Expandable to displays of 90 dB 

■ Internal voltage reference from 12V to 12V 

■ Operates with single supply of 3V to 25V 

■ Inputs operate down to ground 

■ Output current programmable from 1 mA to 30 mA 

■ Input withstands ±35V without damage or false 
outputs 

■ Outputs are current regulated, open collectors 

■ Directly drives TTL or CMOS 

■ The internal 10-step divider is floating and can be 
referenced to a wide range of voltages 

The LM3915 is rated for operation from 0 °C to + 70 °C.The 
LM3915N is available in an 18-lead molded DIP package 
and the LM3915J comes in the 18-lead ceramic DIP. 


Typical Applications ov to iov Log Display 
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Absolute Maximum Ratings 

Power Dissipation (Note 5) 

Ceramic DIP(J) 

Molded DIP(N) 

Supply Voltage 

Voltage on Output Drivers 

Electrical Characteristics (Note i) 

i 

Input Signal Overvoltage (Note 3) 

Divider Voltage 

62*5 mW 

Reference Load Current 

25V 

Storage Temperature Range 

25V Lead Temperature (Soldering, 10 seconds) 

±35V 
-100mVtoV + 

10 mA 

- 55 °C to + 150 °C 

300 "C 

Parameter 

Conditions (Notel) 

Min 

Typ 

Max 

Units 

Comparators 

Offset Voltage, Buffer and First . 

0V< V RL0 ss V RH ,< 1 2V, 


3 

10 

mV 

Comparator 

Led = 1 mA 





Offset Voltacje, Buffer and Any Other 

°V<Vrlo = V RH i< 1 2V, 


3 

15 . 

mV 

Comparator 

Led — 1 mA 





Gain (AIled^AVin) 

L(REF) = 2 mA, 1 led = 10 mA 

3 

8 


mA/mV 

Input Bias Current (at Pin 5) 

0V<V, n <(V + -1.5V) 


10 

50 

nA 

Input Signal Overvoltage 

No Change in Display 

-35 


35 

V 

Voltage-Divider 

Divider Resistance 

Total, Pin 6 to 4 

15 

22 

30 

kfi 

Relative Accuracy (Input Change 

(Note 2) 

2.0 

3.0 

4.0 

dB 

Between Any Two Threshold Points) 






Absolute Accuracy at Each Threshold Point 

(Note 2) 






V, N = -3, -6 dB 

-0.5 



dB 


V, N = - 9 dB 

-0.5 


+ 0.65 

dB 


V| N = -12, -15, -18 dB 

-0.5 


+ 1.0 

dB 


V tN = -21, -24, -27 dB 

-0.5 


+ 1.5 . 

dB 

Voltage Reference 

Output Voltage 

0.1 mA<l L(REF) ^4 mA, 

1.2 

1.28 

1.34 

V 


V + =V led = 5V 





Line Regulation 

3V<V+<18V 


0.01 

0.03 

%/V 

Load Regulation 

0.1 mA^ 1 l(REF)^^ mA, 


0.4 

2 

% 


V + =V led = 5V 





Output Voltage Change with Temperature 

0 °C<T a < + 70 °C, L(REF) = 1 mA, 


1 


% 


V + = V LED = 5 V 





Adjust Pin Current 



75 

120 

/'A 

Output Drivers 

LED Current 

V + = V LED = 5V, l L(REF) = 1 mA 

7 

10 

13 

mA 

LED Current Difference (Between Largest 

V LED = 5V, l LED = 2mA 


0.12 

0.4 

mA 

and Smallest LED Currents) 

V L ed = 5V, I led = 20 mA 


1.2 

3 

mA 

LED Current Regulation 

2V<V LED <17V Led = 2 mA 


0.1 

0.25 

mA 


Led = 20 mA 


1 

3 

mA 

Dropout Voltage 

Led(ON) = 20 mA @ Vled^SV, 



1.5 

V 


AI led = 2 mA 





Saturation Voltage 

Led = 2.0 mA, L(REF) = 0.4 mA 


0.15 

0.4 

V 

Output Leakage, Each Collector 

Bar Mode (Note 4) 


0.1 

10 

fiA 

Output Leakage 

Dot Mode (Note 4) 





Pins 10 -18 



0.1 

10 

mA 

Pin 1 


60 

150 

450 

pA 

Supply Current | 


V + = +5V, l L(REF) = 0.2 mA 


2.4 

4.2 

mA 


V + = + 20V, l L( REF>=1-0 mA 


6.1 

9.2 

mA 
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Notes 

Note 1: Unless otherwise stated, all specifications apply with the following conditions: 

3Vqc<V + <20Vdc -O.O15V«Vrlo<12V00 Ta = 25°C, Il(REF) = °- 2 mA . P in 9 connected to pin 3 (bar mode). 

3Vdc<V[_eed<V + v REF> Vrhi. Vrlo^( v+ ~ 1.5V) For higher power dissipations, pulse testing is used. 

— 0.01 5V< Vrr |< 1 2Vq C 0V<V iN <V + -1.5V 

Note 2: Accuracy is measured referred to 0 dB = + IO.OOOVdq at pin 5, with + IO.OOOVqq at pin 6, and O.OOOVdq at pin 4. At lower full scale voltages, buffer 
and comparator offset voltage may add significant error. See table for threshold voltages. 

Note 3: Pin 5 input current must be limited to ±3 mA.The addition of a 39k resistor in series with pin 5 allows ±100V signals without damage. 

Note 4: Bar mode results when pin 9 is within 20 mV of V + . Dot mode results when pin. 9 is pulled at least 200 mV below V + . LED #10 (pin 10 output current) 

is disabled if pin 9 is pulled 0.9V or more below V|_ed- 

Note 5: The maximum junction temperature of the LM3915 is 100 °C. Devices must be derated for operation at elevated temperatures. Junction to ambient 
thermal resistance is75°C/W for the ceramic DIP (J package) and 120°C/W for, the molded DIP (N package). 

THRESHOLD VOLTAGE (Note 2) 


dB 

Min 

Typ 

Max 

Output 

dB 

Min 

Typ 

Max 

-27 

0.422 

0.447 

0.531 

6 

— 12 

2.372 

2.512 

2.819 

-24 

0.596 

0.631 

0.750 

7 

- 9 

,3.350 

3.548 

3.825 

-21 

0.841 

0.891 

1.059 

8 

- 6 

4.732 

5.012 

5.309 

-18 

1.189 

1.259 

1.413 

9 

- 3 . 

6.683 

7.079 

7.498 

-15 

1.679 

1.778 

1.995 

10 

0 

9.985 

10 

10.015 


Typical Performance Characteristics 


Supply Current vs 
Temperature 


V* (PIN 3)* 20V 
_ | V* = 10V 


NOTE: REFERENCE L0AD_ 
CURRENT* 1mA 


0-25 50 75 

TEMPERATURE (°C) 

Reference Adjust Pin 
Cjjrrent vs Temperature 



25 50 75 

TEMPERATURE (°C) 


Input Current Beyond 
Signal Range (Pin 5) 


I V + = 20V 
f DIVIDER V = 10V 


— 

1 

-t a 

1 
* 70° 

i 




T 














-40 -30 -20 -10 0 10 20 30 


Operating input Bias 
Current vs Temperature 



0 25 50 75 

TEMPERATURE (°C) 

LED Current-Regulation 
Dropout 









J 







- Ta = 7 

A 




A 

pT/\ = o°C 


0 5 10 15 20 

LED CURRENT (mA) 

LED Current vs 
Reference Loading 



0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
REFERENCE LOAD CURRENT (mA) 


Reference Voltage vs 
Temperature 












4 

REF ADJUSTED TO 10V 

; 

«i 

i 

kn 

IEFAD. 

m 

PIN GROUNDE 

1 

D| 




_ 



0 25 50 75 

TEMPERATURE (°C) 

LED Driver Saturation 
Voltage 


. REFERENCE LOAD-CURRENT = 
LED CURRENT I I 


0 5 10 15 20 

LEO CURRENT (mA) 

LED Driver Current 
Regulation 


1 





70 

— 

SSS R 

°c — 1 

EF LOA 

D = 1 itV 











s 


70° 


EF LOA 

r i 

D = 0.2 mA 


o°c 

HL_ 


5 10 15 20 

LED SUPPLY VOLTAGE (V) 
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REFERENCE VOLTAGE (V) LED CURRENT (mA) 




DIVIDER RESISTANCE (NORMALIZED) 
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Functional Description 

The simplified LM3915 block diagram is included to give 
the general idea of the circuit’s operation. A high input im- 
pedance buffer operates with signals from ground to 12V, 
and is protected against reverse and overvoltage signals. 
The signal is then applied to a series of 10 comparators; 
each of which is biased to a different comparison level by 
the resistor string. 

In the example illustrated, the resistor string is connected 
to the internal 1.25V reference voltage. In this case, for 
each 3 dB that the input signal increases, a comparator 
will switch on another indicating LED.This resistor divider 
can be connected between any 2 voltages, providing that 
they are at least 1.5V below V + and no lower than V“. 

internal Voltage Reference 

The reference is designed to be adjustable and develops a 
nominal 1.25V between the REF OUT (pin 7) and REF ADJ 
(pin 8) terminals. The reference voltage is impressed 
across program resistor R1 and, since the voltage is con- 
stant, a constant current i 1 then flows through the output 
set resistor R2 giving an output voltage of: 



Since the 120 j*A current (max) from the adjust terminal 
represents an error term, the reference was designed to 
minimize changes of this current with V + and load 
changes. For correct operation, reference load current 
should be between 80 ^A and 5 mA. Load capacitance 
should be less than 0.05 n F. 

Current Programming / 

A feature not completely illustrated by the block diagram 
is the LED brightness control. The current drawn out of 
the reference voltage pin (pin 7) determines LED current. 
Approximately 10 times this current will be drawn 
through each lighted LED, and this current will be 
relatively constant despite supply voltage and tem- 
perature changes. Current drawn by the internal 
10-resistor divider, as well as by the external current and 
voltage-setting divider should be included in calculating 
LED drive current.The ability to modulate LED brightness 
with time, or in proportion to input voltage and other 
signals can lead to a number of novel displays or ways of 
indicating input overvoltages, alarms, etc. 

The LM3915 outputs are current-limited NPN transistors 
as shown below. An internal feedback loop regulates the 
transistor drive. Output current is held at about 10 times 
the reference load current, independent of output voltage 
and processing variables, as long as the transistor is not 
saturated. 


LM3915 Output Circuit 


PIN 1, PINS 10-18 



Outputs may be run in saturation with no adverse effects, 
making it possible to directly drive logic. The effective 
saturation resistance of the output transistors, equal to 
R E plus the transistors’ collector resistance, is about 5012 . 
It’s also possible to drive LEDs from rectified AC with no 
filtering. To avoid oscillations, the LED supply should be 
bypassed with a 2.2 j*F tantalum or 10 pF aluminum elec- 
trolytic capacitor. 

Mode Pin Use 

Pin 9, the Mode Select input, permits chaining of multiple 
LM3915s, and controls bar or dot mode operation. The 
following tabulation shows the basic ways of using this 
input. Other more complex uses will be illustrated in the 
applications. 

Bar Graph Display: Wire Mode Select (pin 9) directly to 
pin 3 (V + pin). 

Dot Display, Single LM3915 Driven Leave the Mode 
Select pin open circuit. 

Dot Display, 20 or More LEDs: Connect pin 9 of the first 
driver in the series (i.e., the one with the lowest input 
voltage comparison points) to pin 1 of the next higher 
LM3915 driver. Continue connecting pin 9 of lower in- 
put drivers to pin 1 of higher input drivers for 30 or more 
LED displays. The last LM3915 driver in the chain will 
have pin 9 left open. All previous drivers should have a 
20k resistor in parallel with LED #9 (pin 11 to V LED ). 

Mode Pin Functional Description 

This pin actually performs two functions. Refer to the 
simplified block diagram below. 

Block Diagram of Mode Pin Function 


OUTPUT NO. 9 OUTPUT NO. 10 
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Mode Pin Functional Description (Continued) 

Dot or Bar Mode Selection 

The voltage at pin 9 is sensed by comparator Cl, nom- 
inally referenced to (V + - 100 mV).The chip is in bar mode 
when pin 9 is above this level; otherwise it’s in dot mode. 

The comparator is designed so that pin 9 can be left open 
circuit for dot mode. 

Taking into account comparator gain and variation in the 
100 mV reference level, pin 9 should be no more than 
20 mV below V + for bar mode and more than 200 mV 
below V + (or open circuit) for dot mode. In most applica- 
tions, pin 9 is either open (dot mode) or tied to V + (bar 
mode). In bar mode, pin 9 should be connected directly to 
pin 3. Large currents drawn from the power supply (LED 
current, for example) should not share this path so that 
large IR drops are avoided. 

Dot Mode Carry 

In order for the display to make sense when multiple 
LM3915s are cascaded in dot mode, special circuitry has 
been included to shut off LED #10 of the first device when 
LED #1 of the second device comes on.The connection for 
cascading in dot mode has already been described and is 
depicted below. 

As long as the input signal voltage is below the threshold 
of the second LM3915, LED #11 is off. Pin 9 of LM3915 #1 
thus sees effectively an open circuit so the chip is in dot 
mode. As soon as the input voltage reaches the threshold 
of LED #11, pin 9 of LM3915 #1 is pulled an LED drop (1.5V 
or more) below V LED . This condition is sensed by com- 
parator C2, referenced 600 mV below V LED .This forces the 
output of C2 low, which shuts off output transistor Q2, 
extinguishing LED #10. 

V LED is sensed via the 20k resistor connected to pin 11. 

The very small current (less than 100 pA) that is diverted 
from LED #9 does not noticeably affect its intensity. 

An auxiliary current source at pin 1 keeps at least 100 /*A 
flowing through LED #11 even if the input voltage rises 
high enough to extinguish the LED.This ensures that pin 9 
of LM3915 #1 is held low enough to force LED #10 off when 
any higher LED is illuminated. While 100 /tA does not nor- 
mally produce significant LED illumination, it may be 
noticeable when using high-efficiency LEDs in a dark en- 
vironment. If this is bothersome, the simple cure is to 
shunt LED #11 with a 10k resistor. The IV IR drop is more 
than the 900 mV worst case required to hold off LED #10 
yet small enough . that LED #11 does not conduct 
significantly. 


Other Device Characteristics 

The LM3915 is relatively low-powered itself, and since any 
number of LEDs can be powered from about 3V, it is a very 
efficient display driver. Typical standby supply current (all 
LEDs OFF) is 1.6 mA (2.5 mA max). However, any reference 
loading adds 4 times that current drain to the V + (pin 3) 
supply input. For example, an LM3915 with a 1 mA 
reference pin load (1.3k) would supply almost 10 mA to 
every LED while drawing only 5.6 mA from its V + pin 
supply. At full-scale, the 1C is typically drawing less than 
7% of the current supplied to the display. 

The display driver does not have built-in hysteresis so that 
the display does not jump instantly from one LED to the 
next. Under rapidly changing signal conditions, this cuts 
down high frequency noise and often an annoying flicker. 
An “overlap” is built in so that at no time are all segments 
completely off in the dot mode. Generally 1 LED fades in 
while the other fades out over a mV or more of range. The 
change may be much more rapid between LED #10 of one 
device and LED #1 of a second device “chained” to the 
first. 

Application Hints 

The most difficult problem occurs when large LED 
currents are being drawn, especially in bar graph mode. 
These currents flowing out of the ground pin cause 
voltage drops in external wiring, and thus errors and 
oscillations. Bringing the return wires from signal 
sources, reference ground and bottom of the resistor 
string to a single point very near pin 2 is the best solution. 

Long wires from V LED to LED anode common can cause 
oscillations. Depending on the severity of the problem 
0.05 jiF to 2.2 /iF decoupling capacitors from LED anode 
common to pin 2 will damp the circuit. If LED anode line 
wiring is inaccessible, often similar decoupling from pin 1 
to pin 2 will be sufficient. 

If LED turn ON seems slow (bar mode) or several LEDs 
light (dot mode), oscillation or excessive noise is usually 
the problem. In cases where proper wiring and bypassing 
fail to stop oscillations, V + voltage at pin 3 is usually 
below suggested limits. Expanded scale meter applica- 
tions may have one or both ends of the internal voltage 
divider terminated at relatively high value resistors.These 
high-impedance ends should be bypassed to pin 2 with at 
lease a 0.001 ^F capacitor, or up to 0.1 ^F in noisy 
environments. 


Cascading LM3915S in Dot Mode 
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Application Hints (Continued) 

Power dissipation, especially in bar mode should be given 
consideration. For example, with a 5V supply and all LEDs 
programmed to 20 mA the driver will dissipate over 600 
mW. In this case a 7.512 resistor in series with the LED sup- 
ply will cut device heating in half. The negative end of the 
resistor should be bypassed with a 2.2 solid tantalum 
capacitor to pin 2. 

Tips on Rectifier Circuits 

The simplest way to display an AC signal using the 
LM3915 is to apply it right to pin 5 unrectified. Since the 
LED illuminated represents the instantaneous value of 
the AC waveform, one can readily discern both peak and 
average values of audio signals in this manner. The 
LM3915 will respond to positive half-cycles only but will 
not be damaged by signals up to ± 35V (or up to ± 100V if 
a 39k resistor is in series with the input). It’s recommend- 
ed to use dot mode and to run the LEDs at 30 mA for high 
enough average intensity. 

True average or peak detection requires rectification. If an 
LM3915 is set up with 10V full scale across its voltage 
divider, the turn-on point for the first LED is only 450 mV. A 
simple silicon diode rectifier won’t work well at the low 
end due to the 600 mV diode threshold. The half-wave peak 
detector in Figure 1 uses a PNP emitter-follower in front of 
the diode. Now, the transistor’s base-emitter voltage 
cancels out the diode offset, within about 100 mV.This ap- 
proach is usually satisfactory when a single LM3915 is 
used for a 30 dB display. 


Display circuits using two or more LM3915S for a dynamic 
range of 60 dB or greater require more accurate detection. 
In the precision half-wave rectifier of Figure 2 the effective 
diode offset is reduced by a factor equal to the open-loop 
gain of the op amp. Filter capacitor C2 charges through 
R3 and discharges through R2 and R3, so that appropriate 
selection of these values results in either a peak or an 
average detector. The circuit has a gain equal to R2/R1. 

It’s best to capacitively couple the input. Audio sources 
frequently have a small DC offset that can cause signifi- 
cant error at the low end of the log display. Op amps that 
slew quickly, such as the LF351, LF353 or LF356, are need- 
ed to faithfully respond to sudden transients. It may be 
necessary to trim out the op amp DC offset voltage to ac- 
curately cover a 60 dB range. Best results are obtained if 
the circuit is adjusted for the correct output when a low- 
level AC signal (10 to 20 mV) is applied, rather than ad- 
justing for zero output with zero input. 

For precision full-wave averaging use the circuit in 
Figure 3. Using 1% resistors for R1 through R4, gain for 
positive and negative signal differs by only 0.5 dB worst 
case. Substituting 5% resistors increases this to 2 dB 
worst case. (A 2 dB gain difference means that the display 
may have a ±1 dB error when the input is a nonsym- 
metrical transient).The averaging time constant is R5-C2. 
A simple modification results in the precision full-wave 
detector of Figure 4. Since the filter capacitor is not buf- 
fered, this circuit can drive only high impedance loads 
such as the input of an LM3915. 




D1, D2: 1N914 or1N4148 


R1 = R2 for Av = 1 
R1 = R2/10 for A v =10 
Cl = 10/R1 


FIGURE 1. Half-Wave Peak Detector 


FIGURE 2. Precision Half-Wave Rectifier 



D1, D2: 1N914 or 1N4148 



D1, D2, D3, D4: 1N914 or 1N4148 


FIGURE 3. Precision Full-Wave Average Detector 


FIGURE 4: Precision Full-Wave Peak Detector 
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Application Hints (Continued) 

Cascading the LM3915 

To display signals of 60 or 90 dB dynamic range, multiple 
LM3915s can be easily cascaded. Alternatively, it is possi- 
ble to cascade an LM3915 with LM3914s for a log/linear 
display or with an LM3916 to get an extended range VU 
meter. 

A simple, low cost approach to cascading two LM3915S is 
to set the reference voltages of the two chips 30 dB apart 
as in Figure 5. Potentiometer R1 is used to adjust the full 
scale voltage of LM3915 #1 to 316 mV nominally while the 
second IC’s reference is set at 10V by R4.The drawback of 
this method is that the threshold of LED #1 is only 14 mV 
and, since the LM3915 can have an offset voltage as high 
as 10 mV, large errors can occur. This technique is not 
recommended for 60 dB displays requiring good accuracy 
at the first few display thresholds. 

A better approach shown in Figure 6 is to keep the 
reference at 10V for both LM3915s and amplify the input 

1 18 1 17 1 16 |l5 1 14 |l3 1 12 |l1 |l 


LM3915 



NO. 1 



V“ V + r L 0 SIG r HI 

REF 

REF 

OUT 

ADJ MODE 


5 

6 

R3< 

< 

► 

► 





signal to the lower LM3915 by 30 dB. Since two 1% 
resistors can set the amplifier gain within ± 0.2 dB, a gain 
trim is unnecessary. However, an op amp offset voltage of 
5 mV will shift the first LED threshold as much as 4 dB, so 
that an offset trim may be required. Note that a single ad- 
justment can null out offset in both the precision rectifier 
and the 30 dB gain stage. Alternatively, instead of amplify- 
ing, input signals of sufficient amplitude can be fed 
directly to the lower LM3915 and attenuated by 30 dB to 
drive the second LM3915. 

To extend this approach to get a 90 dB display, another 30 
dB of amplification must be placed in the signal path 
ahead of the lowest LM3915. Extreme care is required as 
the lowest LM3915 displays input signals down to 0.5 mV! 
Several offset nulls may be required. High currents should 
not. share the same path as the low level signal. Also 
power line wiring should be kept away from signal lines. 

1 1 8 1 17 1 1 6 1 15 1 14 1 1 3 1 12 1 11 1 10 
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FJTI 


INPUT (10V FULL SCALE) 



FIGURE 5< Low Cost Circuit for 60 dB Display 
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FIGURE 6. Improved Circuit for 60 dB Display 
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Application Hints (Continued) 

TIPS ON REFERENCE VOLTAGE 
AND LED CURRENT PROGRAMMING 

Single LM3915 


The equations in Figure 7 illustrate how to choose 
resistor values to set reference voltage for the simple 
case where no LED intensity adjustment is required. A 
LED current of 10 mA to 20 mA generally produces ade- 
quate illumination. Having 10V full-scale across the inter- 
nal voltage divider gives best accuracy by keeping signal 
level high relative to the offset voltage of the internal com- 
parators. However, this causes 450 juA to flow from pin 7 
into the divider which means that the LED current will be 
at least 5 mA. R1 will typically be between 1 kfl and 2 kn .To 
trim the reference voltage, vary R2. 

The circuit in Figure 8 shows how to add a LED intensity 
control which can vary LED current from 9 mA to 28 mA. 



The reference adjustment has some effect on LED intensi- 
ty but the reverse is not true. 

Multiple LM3915S 

Figure 9 shows how to obtain a common reference trim 
and intensity control for two LM3915s.The two ICs may be 
connected in cascade for a 60 dB display or may be han- 
dling separate channels for stereo. This technique can be 
extended for larger numbers of LM3915s by varying the 
values of Rl, R2 and R3 in inverse proportion to the 
number of devices tied in. The ICs’ internal references 
track within 100 mV so that worst case error from chip to 
chip is only 0.1 dB for V REF = 10V. 



FIGURE 7. Design Equations for Fixed LED Intensity 


FIGURE 8. Varying LED Intensity 
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FIGURE 9. Independent Adjustment of Reference Voltage and LED Intensity for Multiple LM3915s 
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Application Hints (Continued) 

The scheme in Figure 10 is useful when the reference and 
LED intensity must be adjusted independently over a wide 
range. The R H! voltage can be adjusted from 1.2V to 10V 
with no effect on LED current. Since the internal divider 
here does not load down the reference, minimum LED cur- 
rent is much lower. At the minimum recommended 
reference load of 80 ^A, LED current is about 0.8 mA.The 
resistor values shown give a LED current range from 1.5 
mA to 20 mA. 

At the low end of the intensity adjustment, the voltage 
drop across the 51012 current-sharing resistors is so small 
that chip to chip variation in reference voltage may yield a 
visible variation in LED intensity. The optional approach 
shown of connecting the bottom end of the intensity con- 
trol pot to a negative supply overcomes this problem by 
allowing a larger voltage drop across the (larger) current- 
sharing resistors. 

1 18 1 17 1 1 6 1 15 1 14 1 13 1 12 111 | 


Other Applications 


For increased resolution, it’s possible to obtain a display 
with a smooth transition between LEDs. This is ac- 
complished by varying the reference level at pin 6 by 3 
dBp-p as shown in Figure 11. The signal can be a triangle, 
sawtooth or sine wave from 60 Hz to 1 kHz.The display can 
be run in either dot or bar mode. 

When an exponentially decaying RC discharge waveform 
is applied to pin 5, the LM3915’s outputs will switch at 
equal intervals. This makes a simple timer or sequencer. 
Each time interval is equal to RC/3. The output may be 
used to drive logic, opto-couplers, relays or PNP tran- 
sistors, for example. 
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Typical Applications (Continued) 


Extended Range VU Meter 



Vibration Meter .. 



LED 

Threshold 

1 

60 mV 

2 

80 mV 

3 

110 mV 

4 

160 mv 

5 

220 mV 

6 

320 mV 

7 

440 mV 

8 

630 mV 

9 

890 mV 

10 

1.25 V 


indicator and Alarm, Full-Scale Changes Display From Dot to Bar 



V*3V 


* The input to the dot bar switch may be 
taken from cathodes of other LEDs. 
Display will change to bar as soon as the 
LED so selected begins to light. 

* * Optional. Shunts 100 pA auxiliary 
sink current away from LED #1. 
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Typical Applications (Continued) 


Low Current Bar Mode Display 



Driving Liquid Crystal Display 

LIQUID CRYSTAL BAR GRAPH 



Bar Display with Alarm Flasher 



9-132 



Typical Applications (Continued) 

V + (5V TO 18 V) 



Precision Null Meter 
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Logarithmic response allows coarse and 
fine adjustments without changing scale. 
Resolution ranges from 10 mV at Vjn =0 to 
500 mV at V )N = ± 1.25V. 


(-5VT0-18V) 

Operating with a High Voltage Supply (Dot Mode Only) 
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The LED currents are approximately 
10 mA, and the LM3915 outputs operate 
in saturation for minimum dissipation. 
This point is partially regulated and 
decreases in voltage with temperature. 
Voltage requirements of the LM3915 also 
decrease with temperature. 
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Typical Applications .(Continued) 


Light Meter 



Audio Power Meter 


Connection Diagram 



Duai-in-Line Package 



Order Number LM3915J 
See NS Package J18A 
Order Number LM3915N 
See NS Package N18A 


See Application Hints for optional Peak or 
Average Detector 
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Definition of Terms 


Absolute Accuracy: The difference between the observed 
threshold voltage and the ideal threshold voltage for 
each comparator. Specified and tested with 10V across 
the internal voltage divider so that resistor ratio match- 
ing error predominates over comparator offset voltage. 

Adjust Pin Current: Current flowing out of the reference 
adjust pin when the reference amplifier is in the linear 
region. 

Comparator Gain: The ratio of the change in output cur- 
rent (l|_ ED ) to the change in input voltage (V )N ) required to 
produce it for a comparator in the linear region. 

Dropout Voltage: The voltage measured at the current 
source outputs required to make the output current fall 
by 10%. 

Input Bias Current: Current flowing out of the signal input 
when the input buffer is in the linear region. 

LED Current Regulation: The change in output current 
over the specified range of LED supply voltage (V LED ) as 
measured at the current source outputs. As the forward 


voltage of an LED does not change significantly with a 
small change in forward current, this is equivalent to 
changing the voltage at the LED anodes by the same 
amount. 

Line Regulation: The average change in reference output 
voltage (V REF ) over the specified range of supply voltage 
(V + ). 

Load Regulation: The change in reference output voltage 
over the specified range of load current (Il(ref))- 

Offset Voltage: The differential input voltage which must 
be applied to each comparator to bias the output in the 
linear region. Most significant error when the voltage 
across the internal voltage divider is small. Specified and 
tested with pin 6 voltage (V RH) ) equal to pin 4 voltage 
(Vrlo)- 

Relative Accuracy: The difference between any two adja- 
cent threshold points. Specified and tested with 10V 
across the internal voltage divider so that resistor ratio 
matching error predominates over comparator offset 
voltage. 
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LM1 3600/LM1 3600A/LM1 1 600A 


National industrial/Automotive/Functional 

Semiconductor Blocks/Telecommunications 

LM1 3600/LM1 3600 A/L Ml 1 600A Dual Operational 
Transconductance Amplifiers With Linearizing Diodes 
and Buffers 

General Description 

The LM 13600 series consists of two current 
controlled transconductance amplifiers each 
with differential inputs and a push pull output. 

The two amplifiers share common supplies but 
otherwise operate independently. Linearizing 
diodes are provided at the inputs to reduce 
distortion and allow higher input levels. The 
results is a 10 dB signal-to-noise improvement 
referenced to 0.5 percent THD. Controlled im- 
pedance buffers are provided which are 
especially designed to complement the 
dynamic range of the amplifiers. 


Features 

• gm adjustable over 6 decades 


• Excellent gm linearity 

• Excellent matching between amplifiers 

• Linearizing diodes 

• Controlled impedence buffers 

• High output signal to noise ratio 

• Wide supply range ± 2V to ± 22 V. 

Applications 

• Current controlled amplifiers 

• Current controlled impedances 

• Current controlled filters 

• Current controlled oscillators 

• Multiplexers 

• Timers 

© Sample and hold circuits 



Schematic and Connection Diagrams 


ONE OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 



INPUT 


Order Number LM11600AJ 
See NS Package J16A 
Order Number LM13600N 
or LM 13600 AN 
See NS Package N16A 
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Absolute Maximum Ratings 








Supply Voltage (Note 1) 









LM 13600 






36 V[3C or ± 18 V 

LM 13600 A , LM11600A 





44 VDC or ± 22 V 

Power Dissipation (Note 2) = 25° C 








LM13600N, LM 13600 AN 






570 mW 

LM13600J, LM11600AJ 






600mW 

Differential Input Voltage 








± 5 V 

Diode Bias Current (Ip) 








2 mA 

Amplifier Bias Current (Iabc) 








2 mA 

Output Short Circuit Duration 







Indefinite 

Buffer Output Current (Note 3) 







20 mA 

Operating Temperature Range 








LM13600N, LM13600AN, LM13600J 






0° C to + 70° C 

LM11600AJ 






-55 

0 Cto +125° C 

DC InputVoltage 







+ Vg to -Vs 

Storage Temperature Range 






-65 

0 Cto +150° C 

Lead Temperature (Soldering, 10 Seconds) 







300° C 

Electrical Characteristics (Note 4) 








Parameters 

Conditions 

LM13600 

LM13600A LM11600A 




Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Vos) 



0.4 

5 


0.4 

2 

mV 


Over Specified Temperature Range 






5 

mV 


iabc 5 /xA 


0.3 

5 


0.3 

2 

mV 

Vos Including Diodes 

Diode Bias Current (Id) = 500 nA 


0.5 

5 


0.5 

2 

mV 

Input Offset Change 

5 /xA < iabc < 500 ^a 


0.1 



0.1 

3 

mV 

Input Offset Current 



0.1 

0.6 


0.1 

0.6 

M A 

Input Bias Current 



0.4 

5 


0.4 

5 

/*a 


Over Specified Temperature Range 


1 

8 


1 

7 

nA 

Forward 









T ransconductance(gm) 


6700 

9600 

13000 

7700 

9600 

12000 

/imho 


Over specified Temp Range 

5400 



4000 



/tmho 

gm Tracking 



0.3 



0.3 


dB 

Peak Output Current 

rl= 0 , iabc = 5/*a 


5 


3 

5 

7 

mA 


rl= 0 , iabc = 500 /*a 

350 

500 

650 

350 

500 

650 

^A 


RL = 0, Over Specified Temp Range 

300 



300 



m A 

Peak Output Voltage 









Positive 

rl = oo, 5 fiA < iabc ^ 500 ^a 

+ 12 

+ 14.2 


+ 12 

+ 14.2 


V 

Negative 

RL = 00 , 5 fiA < IabC — 500 n A 

-12 

-14.4 


-12 

-14.4 


V 

Supply Current 

lABC=500/xA,Both Channels 


2.6 



2.6 


mA 

Vos Sensitivity 









Positive 

A Vos /A V + 


20 

150 


20 

150 

M V/V 

Negative 

A V 0S /A V- 


20 

150 


20 

150 

/xV/V 

CMRR 


80 

110 


80 

110 


dB 

Common Mode Range 


±12 

±13.5 


±12 

±13.5 


V 

Crosstalk 

Referred to Input (Note 5) 









20 Hz < f < 20 KHz 


100 



100 


dB 

Diff.lnput Current 

lABC = 0, Input = ±4 V 


0.02 

100 


0.02 

10 

nA 

Leakage Current 

IABC = 0 (Refer To Test Circuit) 


0.2 

100 


0.2 

5 

nA 

Input Resistance 


10 

26 


10 

26 


K 0 

Open Loop Bandwith 



2 



2 


MHz 

Slew Rate 

Unity Gain Compensated 


50 



50 


V//xSec 

Buff. Input Current 

(Note 5) 


0.4 

5 


0.4 

5 


Peak Buffer Output Voltage 

(Note 5) 

10 



10 



V 

Note 1. For selections to a supply voltage above ± 22V, contact factory. 







1 Note 2. For operating at high temperatures, the device must be derated based on a 1 50° 

C maximum junction temperature and a thermal 

resistance of 175° C/W which applies for the device soldered in a printed circuit board, operating in still air. 



Note 3. Buffer output current should be limited so as to not exceed package dissipation. 





Note 4. These specificationsjapply for V$ = ±15 V, T/\ = 25° C, amplifier bias current (Iabc) = 500/xA, pins 2 and 15 open unless j 

otherwise specified. The inputs to the buffers are grounded and outputs are open. 






Note 5. These specifications apply for Vs = ± 15V, Iabc = 500 /*A, RoUT= 5K ^ connected from the buffer output to- Vg and the 

input of the buffer is connected to the transconductance amplifier output. 
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1>uA V A 10/u A IOOjuA 1000//A 

AMPLIFIER BIAS CURRENT (l ABC ) 


0.1 juA IjuA 10/iA 100// A 1000// A 

AMPLIFIER BIAS CURRENT (l ABC ) 







Typical Performance Characteristics (Cont’d) 


Distortion vs Differential 
Input Voltage 


Voltage vs Amplifier Bias Current 




1 10 100 1000 
DIFFERENTIAL INPUT VOLTAGE (mVpp) 


.V/uA 1/uA IOjuA 100,uA 1000/iA 
l ABC AMPLIFIER BIAS CURRENT (/uA) 


10 


100 IK ' 10K 100K 

FREQUENCY (Hz) 






LEAKAGE CURRENT TEST CIRCUIT 


DIFFERENTIAL INPUT CURRENT TEST CIRCUIT 


LM13600/LM13600A/LM11600A 







LM13600/LM13600A/LM11600A 



Circuit Description 

The differential transistor pair Q4 and Q5 form a 
transconductance stage in that the ratio of their 
collector currents is defined by the differential 
input voltage according to the transfer func- 
tion: 


where Vin is the differential input voltage, KT/q 
is approximately 26 mV at 25° C and I5 and I4 
are the collector currents of transistors Q5 and 
Q4 respectively. With the exception of Q3 and 
Q13, all transistors and diodes are identical in 
size. Transistors Qi and Q2 with Diode D*| form 
a current mirror which forces the sum of cur- 
rents I4 and I5 to equal IaBC; 



Figure 1. Linearizing Diodes 


the sum of I4 and I5 is IaBC and the difference 
is loUT. currents I4 and I5 can be written as 
follows: 


U + 's-'abc (2) 

where IaBC is the amplifier bias current applied 
to the gain pin. 

For small differential input voltages the ratio of 
14 and 15 approaches unity and the Taylor series 
of the In function can be approximated as: 


•abc •out _ •abc ( 'out 
2 " 2 ' 5 2 + 2 


Since the diodes and the input transistors have 
identical geometries and are subject to similar 
voltages and temperatures, the following is 
true: 


KT l 5 KT I5-I4 

q ln i 4 * q i 4 




>5 


'abc 

2 


(3) 


j£ 'ABC 'out 

<T 2 + 'S KJ _J i_ 

q n _[o- 's q n 'abc _ w 

T 2 2~ 



'5; '4 


(4) 



for I5 < 


2 


( 6 ) 


Collector currents I4 and I5 are not very useful 
by themselves and it is necessary to subtract 
one current from the other. The remaining tran- 
sistors and diodes form three current mirrors 
that produce an output current equal to I5 minus 
Uthus: 



The term in brackets is then the transconduc- 
tance of the amplifier and is proportional to 
'ABC- 


Linearizing Diodes 

For differential voltages greater than a few 
millivolts, Equation 3 becomes less valid and 
the transconductance becomes increasingly 
nonlinear. Figure 1 demonstrates how the inter- 
nal diodes can linearize the transfer function of 
the amplifier. For convenience assume the 
diodes are biased with current sources and the 
input signal is in the form of current Is* Since 


Notice that in deriving Equation 6 no 
approximations have been made and there are 
no temperature dependent terms. The limita- 
tions are that the signal current not exceed lp/2 
and that the diodes be biased with currents. In 
practice, replacing the current sources with 
resistors will generate insignificant errors. 


Controlled Impedance Buffers 

The upper limit of transconductance is defined 
by the maximum value of IaBC (2 mA). The 
lowest value of IaBC for which the amplifier will 
function therefore determines the overall 
dynamic range. At very low values of IaBC> a 
buffer which has very low input bias current is 
desirable. A FET follower satisfies the low input 
current requirement, but is some what non- 
linear for large voltage swing. The controlled 
impedance buffer is a Darlington which 
modifies its input bias current to suit the need. 
For low values of IaBC* the buffer’s input 
current is minimal. At higher levels of IaBC* 
transistor Q3 biases up Qi2witha current pro- 
portional to I ABC for fast slew rate. 
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Applications/Voltage 
Controlled Amplifiers 

Figure 2 shows how the linearizing diodes can 
be used in a voltage controlled amplifier. To 
understand the input biasing, it is best to 
consider the 13 Kfl resistor as a current source 
and use a Therenin equivalent circuit as shown 
in Figure 3. This circuit is similar to Figure 1 
and operates the same. The potentiometer in 
Figure 2 is adjusted to minimize the effects of 
the control signal at the output. 

For optimum signal-to-noise performance, 
lABC should be as large as possible as shown 
by the Output Voltage vs. Amplifier BiasCurrent 
graph. Larger amplitudes of input signal also 
improve the S/N ratio. The linearizing diodes 


help here by allowing larger input signals for 
the same output distortion as shown by the 
Distortion vs. Differential Input Voltage graph. 
S/N may be optimized by adjusting the 
magnitude of the input signal via Rin (Figure 
2)until the output distortion is below some 
desired level. The output voltage swing can 
then be set at any level by selecting R|_. 

Although the noise contribution of the lineariz- 
ing diodes is negligible relative to the contribu- 
tion of the amplifier’s internal transistors, \q 
should be as large as possible. This minimizes 
the dynamic junction resistance of the diodes 
(r e ) and maximizes their linearizing action when 
balanced against R|n. A value of 1 mA is recom- 
mended for Ip unless the specific application 
demands otherwise. 


+Vs 30 K 



GAIN 

CONTROL 


OUTPUT 


Figure. 2 Voltage Controlled Amplifier 



Figure 3. Equivalent VCA Input Circuit 
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LM13600/LM13600A/LM11600A 


Stereo Volume Control 

The circuit of Figure 4 uses the excellent 
matching of the two LM13600 amplifiers to pro- 
vide a Stereo Volume Control with a typical 
channel-to-channel gain tracking of 0.3 dB. Rp 
is provided to minimize the output offset 
voltage and may be replaced with two 51 On 
resistors in AC-coupled applications. For the 
component values given, amplifier gain is deriv- 
ed from Figure 2 as being: 


Vo 

V|N 


940 x l ABC 


If Vc is derived from a second signal source 
then the circuit becomes an amplitude 
modulator or two-quadrant multiplier as shown 
in Figure 5, where: 


, . i!§ .. . _ :*!s 

•o - , ''ABC' - , 

‘d 'd 


V IN2 

R C 


2I S (V'+1.4 V) 

V ~^C 


The constant term in the above equation may 
be cancelled by feeding Is x IqRc / 2(V-+1.4V) in- 
to IQ-The circuit of Figure 6 adds Rm to provide 




Figure 5. Amplitude Modulator 



Figure 6. Four-Quadrant Multiplier 
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this current, resulting in a four-quadrant 
multiplier where Rc is trimmed such that 
Vo = OV for V|N2 = OV. Rm also serves as the 
load resistor for lo- 

Noting that the gain of the LM13600 amplifier of 
Figure 3 may be controlled by varying the 
linearizing diode current Ip as well as by varying 
lABCi Figure 7 shows an AGC Amplifier using 
this approach. As Vo reaches a high enough 
amplitude (3 Vbe) to turn on the Darlington tran- 
sistors and the linearizing diodes, the increase in 
Ip reduces the amplifier gain so as to hold Vo at 
that level. 


Voltage Controlled Resistors 

An Operational Transconductance Amplifier 
(OTA) may be used to implement a Voltage Con- 
trolled Resistor as shown in Figure 8. A signal 


voltage applied at Rx generates a Vin to the 
LM13600 which is then multiplied by the gm of 
the amplifier to produce an output current, thus: 


R + r a 

Ry — 

A gmR^ 


where gm * 19.2IABC at 25°C. Note that the 
attenuation of Vo by R and Ra is necessary to 
maintain Vin within the linear range of the 
LM13600 input. 

Figure 9 shows a similar VCR where the linear- 
izing diodes are added, essentially improving the 
noise performance of the resistor. A floating VCR 



Figure 8. Voltage Controlled Resistor, Single-Ended 


15 K 30 K 



Figure 9. Voltage Controlled Resistor With Linearizing Diodes 
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is shown in Figure 10, where each “end” of the 
“resistor” may be at any voltage within the output 
voltage range of the LM 13600. 


Voltage Controlled Filters 

OTA’s are extremely useful for implementing 
voltage controlled filters, with the LM13600 


having the advantage that the required buffers 
are included on the I.C. The VC Lo-Pass Filter of 
Figure 11 performs as a unity-gain buffer ampli- 
fier at frequencies below cut-off, with the cut-off 
frequency being the point at which Xc/gm equals 
the closed-loop gain of (R/Ra)* At frequencies 
above cut-off the circuit provides a single RC roll- 
off (6 dB per octave) of the input signal amplitude 
with a -3 dB point defined by the given equation, 



1 — WV — o v P 


Figure 10. Floating Voltage Controlled Resistor 



(R+Ra)2ttC 


R 6 -15 V 


ra < 2 oon 


150pf C 


Figure 11. Voltage Controlled Low-Pass Filter 




where gm is again 19.2 x IabC at room tempera- 
ture. Figure 12 shows a VC High-Pass Filter 
which operates in much the same manner, pro- 
viding a single RC roll-off below the defined cut- 
off frequency. 

Additional amplifiers may be used to implement 


higher order filters as demonstrated by the two- 
pole Butterworth Lo-Pass Filter of Figure 13 and 
the state variable filter of Figure 14. Due to the 
excellent gm tracking of the two amplifiers and 
the varied bias of the buffer Darlingtons, these 
filters perform well over several decades of 
frequency. 


30 K 



Figure 12. Voltage Controlled Hi-Pass Filter 


15 K 



Figure 13. Voltage Controlled 2-pole Butterworth Lo-Pass Filter 
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Voltage Controlled Oscillators 


The classic Triangular/Square Wave VCO of 
Figure 1§ is one of a variety of Voltage Controlled 
Oscillators which may be built utilizing the 
LM13600. With the component values shown, 
this oscillator provides signals from 200 kHz to 
below 2 Hz as lc is varied from 1 m A to 1 0n A. The 
output amplitudes are set by Ia x Ra* Note that 
the peak differential input voltage must be less 
than 5 volts to prevent zenering the inputs. 

A few modifications to this circuit produce the 
ramp/pulse VCO of Figure 16. When Vq 2 is high, 


IF is added to lc to increase amplifier ATs bias 
current and thus to increase the charging rate of 
capacitorC. When V 02 ‘Slow, If goes to zero and 
the capacitor discharge current is set by lc- 

The VC Lo-Pass Filter of Figure 1 1 may be used to 
produce a high-quality sinusoidal VCO. The cir- 
cuit of Figure 16 employs two LM13600 
packages, with three of the amplifiers configured 
as lo-pass filters and the fourth as a iimiter/- 
i nverter. The circuit oscillates at the frequency at 
which the loop phase-shift is 360° or 180° for the 
inverter and 60° per filter stage. This VCO 
operates from 5 Hz to 50 kHz with less than 1% 
THD. 



•c >F 



Vpl/= (V+-.8 V)R 2 
Rl+R 2 

«H« 

t L , 2VPKC 

'C 

f.^jC for lc«lF 
2Vp«C 
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10 K 




Figure 18. Single Amplifier VCO 

Figure 18 shows how to build a VCO using one 
amplifier when the other amplifier is needed for 
another function. 


Additional Applications 

Figure 19 presentsan interesting one-shot which 
draws no power supply current until it is trig- 
gered. A positive-going trigger pulse of at least 
2 V amplitude turns on the amplifier through Rb 
and pulls the non-inverting input high. The 
amplifier regenerates and latches its output high 
until capacitor C charges to the voltage level on 
the non-inverting input. The output then 
switches low, turning off the amplifier and 
discharging the capacitor. The capacitor 
discharge rate is speeded up by shorting the 
diode bias pin to the inverting input so that an 
additional discharge current flows through D| 
when the amplifier output switches low. A 
special feature of this timer is that the other 
amplifier, when biased from Vo, can perform 
another function and draw zero stand-by power 
as well. 

The operation of the multiplexer of Figure 20 is 
very straightforward. When A1 is turned on it 
holds V o equal to Vini and when A2 is 
supplied with bias current then it controls Vo- 
Cc and Rc serve to stabilize the unity-gain 


Figure 19. Zero Stand-by Power Timer 



configuration of amplifiers A1 and A2. Jhe max- 
imum clock rate is limited to about 200 KHz by 
the LM 13600 slew rate into 150 pF when the 
(V|N1-V|N2) differential is at its maximum 
allowable value of 5 volts. 

The Phase-Locked Loop of Figure 21 uses the 
four-quadrant multiplier of Figure 6 and the 
Vco of Figure 18 to produce a PLL with a ± 5% 
hold-in range and an input sensitivity of about 
300 mV. 


30 K 
AAA- 
10 K 


30 K 

AAA— 


Figure 21. Phase Lock Loop 
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The Schmitt Trigger of Figure 22 uses the 
amplifier output current into R to set the 
hysteresis of the comparator; thus Vh = 2 x Rx 

82 K 



Figure 22. Schmitt Trigger 


IB- Varying 1 b will produce a Schmitt Trigger 
with variable hysteresis. 

Figure 23 shows a Tachometer or Frequency-to- 
Voltage converter. Whenever A1 is toggled by a 
positive-going input, an amount of charge equal 
to (Vh-Vl) Ct is sourced into Cf and R\. This 
once per cycle charge is then balanced by the 
current of Vo/Rt- The maximum Fin is limited 
by the amount of time required to charge Ct 
from V|_ to Vh with a current of Ib, where Vl 
and Vh represent the maximum low and max- 
imum high output voltage swing of the 
LM 13600. D1 is added to provide a discharge 
path for Ct when A1 switches low. 

The Peak Detector of Figure 24 uses A2 to turn 
on A1 whenever V|n becomes more positive 
than V 0 . A1 then charges storage capacitor C 
to hold Vo equal to V|n PK . One precaution to 
observe when using this circuit: the Darlington 
transistor used must be on the same side of 
the package as A2 since the A1 Darlington will 
be turned on and off with A1. Pulling the output 
of A2 low through D1 serves to turn off A1 so 
that Vq remains constant. 



Figure 23. Tachometer 



Figure 24. Peak Detector and Hold Circuit 
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The Sample-Hold circuit of Figure 25 also re- 
quires that the Darlington buffer used be from 
the other (A2) half of the package and that the 
corresponding amplifier be biased on con- 
tinuously. 

10 K +5 |— | SAMPLE 

0.5 V O-VNA 0.J L H0l0 



Figure 25. Sample-Hold Circuit 


The Ramp-and-Hold of Figure 26 sources Ijg 
into capacitor C whenever the input to A1 is 
brought high, giving a ramp-rate of about IV/ms 
for the component values shown. 

The true RMS converter of Figure 27 is essen- 
tially an automatic gain control amplifier which 
adjusts its gain such that the AC power at the 
output of amplifier A1 is constant. The output 
power of amplifier A1 is monitored by squaring 
amplifier A2 and the average compared to a 
reference voltage with amplifier A3. The output 
of A3 provides bias current to the diodes of Ai 
to attenuate the input signal. Because the out- 
put power of AI is held constant, the RMS value 
is constant and the attentuation is directly pro- 
portional to the RMS value of the input voltage. 
The attenuation is also proportional to the diode 
bias current. Amplifier A4 adjusts the ratio of 
currents through the diodes to be equal and 
therefore the voltage at the output of A4 is pro- 
portional to the RMS value of the input voltage. 
The calibration potentiometer is set such that 
Vq reads directly in RMS volts. 



Figure 26. Ramp and Hold 


B,AS +15 V 

CURRENT +1 J. V 

-NULL K T 


1 MEG n ~ Ai 

CALIBRA- r~°~~l 'ALM 13600 

01 MF TION Dl v7 


"P >30 K 

- >Ro 



5 1 

5.1^ 

1/gm ADJUST 

rWV- 
-±T 51012 

ijNs. 

24 K 

^ Y Az 

o — VW- 
+15 V 

-°~L ’ALM13600 

* | — V\Ar 
_ 510S2 

10 K 

AAA, 


VflO 

% 1 % ACCURATE 


A3 X 

14LM1458 100 K< 


IK nr 1.2 K 


Figure 27. True RMS Converter 
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The circuit of Figure 28 is a voltage reference of 
variable Temperature Coefficient. The 100 KQ 
potentiometer adjusts the output voltage which 
has a positive TC above 1.2 volts, zero TC at 
about 1.2 volts and negative TC below 1.2 volts. 
This is accomplished by balancing the TC of 
the A2 transfer function against the com- 
plementary TC of D1 


The log amplifier of Figure 29 responds to the 
ratio of current thru buffer transistors Q3 and 
Q4. Zero temperature dependence for VoilT is 
ensured in that the TC of the A2 transfer func- 
tion is equal and opposite to the TC of the log- 
ging transistors Q3 and Q4. 




- g V S - « V > < R 4> <«6> ln V IW B? 
0UT <R3 + R 4><R 5 > " ~ 


V REF R 1 


Figure 29. Log Amplifier 
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The wide dynamic range of the LM13600 allows 
easy control of the output pulse width in the 
Pulse Width Modulator of Figure 30. 

For generating IabC over a range of 4 to 6 
decades of current, the system of Figure 31 
provides a logarithmic current out for a linear 
voltage in. 

Since the closed-loop configuration ensures 
that the input to A2 is held equal to Ov, the out- 
put current of A1 is equal to I3 = - Vq/Rq. 

The differential voltage between Q1 and Q2 is 
attenuated by the R1,R2 network so that A1 may 
be assumed to be operating within its linear 
range. From equation (5), the input voltage to A1 

,S ' -2KTI 3 2KTV C 

V|N1 ■ -*r = 


The voltage on the base of Q1 is then 


Vbi 


(Rl+R2) V|N1 
R i 


The ratio of the Q1 to Q2 collector currents is 
defined by: 

.. KT . <C2 _ KT I A bC 

Vri In In — ; 

q ici q h 
Combining and solving for IabC yields: 

2(R 1 +R 2 ) Vc 
'ABC = lie R ll2 R C 


This logarithmic current can be used to bias the 
circuit of Figure 4 to provide temperature in- 
dependent stereo attenuation characteristic. 




9 
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3 M12 input impedance 
, Current limiting 

Thermal shutdown 
Internal stabilization 
LM379 Self centering bias 
Current limiting 
Thermal shutdown 
Internal stabilization 


TABLE I. DUAL AUDIO AMPLIFIER TYPICAL P Q @ 10% THD 


Supply 

Device 

Load Impedance | 

rami 

8 

LM1877 



0.5W 0.25W 

12 


LM377 

LM378 LM379 

1.2W 0.75W 

16 




2.2W 1.5W 

18 




3.0W 1.8W 

20 




3.8W 2.4W 

22 




4.6W 2.8W 

24 




5.4W< 1 ) 3.6W 





1.5W( 2 ) 4.2W 

26 




6.0W 

28 


- 


7.0W 5.0W 

30 




5.5W 




Notet: LM379. 

Note 2: LM378 (thermal limit). 


KEY TECHNICAL SPECIFICATIONS 


NSC 

Device 

Type 

Features 

Applications 

Order 

Number 

P 0 (Minimum) 

V S Rl Po 

Supply 

Voltage 

<v 9 ) 

Quiescent 

Current 

(Iq) 

Channel 
Separation 
f=1 kHz 
(output ref) 

Equiv 

Input 

Noise 

(®n) 

Open 

Loop 

Gain 

Output 

Voltage 

Swing 

Slew 

Rate 

V//tS 

LM1877 

Adjustable gain 50-250 

Stereo phonograph 

LM1877N-2 1 

14V 

812 

1.0W 

6-20V 

25 mA 

70 dB 

2.5 ftVrms 

90 dB 

8V 

2 


High PSRR -68dB 

Stereo tape recorders 

LM1877N-6' 

16V 

812 

2.0W 

6-26V 

25 mA 

70 dB 

2.5 jtVrms 

90 dB 

10V 

2 


Current limiting 

Bridge output stages 

LM1877N-8 1 

18V 

812 

3.5W 

6-26V 

25 mA 

70 dB 

2.5 jxVrms 

90 dB 

12V 

2 


Thermal shutdown 

Receivers 

LM1877N-10 1 

20V 

812 

4.0W 

6-26V 

25 mA 

70 d.B 

2.5 pVrms 

90 dB 

14V 

2 


Low noise 













LM378 

,A V0 typical 90 dB 

AM/FM stereo receivers 

LM378N 

24V 

812 

4.0W 

10-35V 

15 mA 

70 dB 

3.0 jiVrms 

90 dB 

16V 

14 


Movie projectors 
Tape recorders 

Multi-channel audio LM378N 30V 1611 4.0W 10-35V 15 mA 

systems 

Multi-channel audio 

Tape recorders/players LM379S 28V 812 6.0W 10-35V 15 mA 

AM/FM radios 
Movie projectors 


70 dB 3.0/tVrms 90 dB 16V 14 


70 dB 3.0/xVrms 90 dB 16V 14 


Note 1: Refer to NSC data sheet LM1877 for additional standard selections. 

Note 2: For operation at ambient temperatures greater than 25°C the 1C must be derated based on a maximum 150°C junction temperature using a thermal resistance obtained from 
the device data sheet. 

Note 3: Output protection included on all devices. 


National 

Semiconductor 
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TABLE II. 

CLIC MONO-AUDIO AMPLIFIER 


Supply 

_ 

Load Im 

jedance I 


20 

40 

80 

160 

3V 

LM2001 

400 mW 

250 mW 



6V 

LM383 

1.4W 

800 mW 

440 mW 

240 mW 


LM386, LM389 


340 mW 

320 mW 

180 mW 


LM388 


900 mW 

600 mW 

300 mW 


LM390 


950 mW 

650 mW 

325 mW 


LM2000 

2.0W 

1.0W 



9V 

LM383 

3.5W 

2.1W 

1.2W 

.630 mW 


LM386, LM389 


380 mW 

780 mW 

500 mW 


LM388 


1.8W 

1.3W 

650 mW 


LM390 


2.0W 

1.4W 

700 mW 


LM2000 

4.0W 

2.2W 



12V 

LM380 


2.4W 

1.5W 

500 mW 


LM383 

6.4W 

4.0W 

2.3W 

1.2W 


LM386A, LM389 



820 mW 

950 mW 


' LM388 


2.4W 

2.2W 

1.3W 

14V 

LM380 


3.3W 

2.3W 

1.0W 


LM383 

8.9W 

5.6W 

3.7W 

1.7W 


LM386A 




1.3W 


LM388A 


3.0W 

3.0W ! 

0.5W 

16V 

LM380 



3.0W 

1.6W 


LM386A 




1.6W 


LM388A 


3.6W 

3.8W 

1.9W 

18V 

LM380 



4.0W 

2.2W 


LM383 


9.6W 

5.5W 

2.9W 


LM384 


4.2W 

4.0W 

2.2W 

22 V 

LM384 


3.5W 

5.7W 

3.5W 

±22 V 

LM391 (Note 1) 


30W 

20W 


± 30V 

LM391 (Note 1) 


60W 

40W 



Note 1: THD<0.25%. 


NSC 




P 0 (Minimum) 




Quiescent 

Device 



Order 

@ 10% THD 


Supply 

Gain 

Current 

Type 

Features 

Applications 

Number 

Po 

Vcc 

Rl 

Voltage (V cc ) 

(A v )WV 

lo(typ) 

LM386 

Battery operation 

AM/FM radio amplifier 

LM386N-1 

250 mW 

6V 

8n 

4V-12V 

20-200 

4 mA 


Low quiescent current 

Cassette amplifier 

LM386N-3 

500 mW 

9V 

80 

4V-12V 

20-200 

4.5 mA 


Ground ref input 

Phono cartridge amp 

LM386N-4 

700 mW 

16V 

320 

5V-18V 

20-200 

7 mA 


8 pin miniDIP 

Walkie-talkie 








LM389 

Battery operation 

Portable tape recorders 

LM389N 

250 mW 

6V 

80 

4V-12V 

20-200 

12 mA 


Low distortion 

Phono cartridge amp 









Includes NPN (3) transistor 

Intercoms 









array 

AM/FM radio 









Freq (DC to 100 MHz) 

Walkie-talkie 








LM388 

Low voltage operation 

AM/FM radio amplifiers 

LM388N-1 

1500 mW 

12V 

80 

4V-12V 

20-200 

8 mA 


Variable voltage gain 

Portable tape recorders 

LM388N-2 

800 mW 

6V 

40 

4V-12V 

20-200 

5 mA 


Excellent supply rejection 

Squelch circuits 

LM388N-3 

2500 mW 

16V 

80 

5V-18V 

20-200 

15 mA 


14-pin DIP 

for FM scanners 








LM380 

Ground referenced inputs 

Phono amplifiers 









Voltage gain fixed at 50 

High input impedance 

Short circuit current (1.3A) 

Cassette amplifiers 

LM380N 

2500 mW 

18V 

80 

8V-22V 

50 

10 mA 

LM390 

Ground referenced inputs 

Bridge amplifiers 









Automatic bias at 1/2 V ss 

Intercom 









Bias current 250 nA (typ) 

Portable tape amplifiers 

LM390N 

800 mW 

6V 

40 

3.5V-9V 

20-200 

10 mA 

LM384 

Ground referenced inputs 

AM/FM radio 

LM384N 

5000 mW 

22V 

80 

12V-26V 

50 

8.5 mA 


Fixed gain (A v = 50) 

Sound projector systems 









Thermal shut-down 

Tape cassettes 









High input impedance 

8-track tape systems 








LM383 

Short circuit protection 

Automotive audio amp 

LM383T 

4800 mW 

14.4V 

40 

5V-20V 

50-500 

45 mA 


Peak current (3.5A) 

CB radio 


7000 mW 

14.4V 

20 

5V-20V 




Programmable gain 

Large output swing 

5-pin TO-220 package 

Bridge amplifiers 








LM391 

High V cc (60V-80V) 

Hi-fidelity audio 

LM391N-80 

40W’ 

± 31V 

80 

± 40 V 

20-200 

- 


Low THD <0.01% 

amplifiers 


60W- 

± 27V 

40 

± 40V 




P o = 40W 

Hi-fidelity receivers 








LM2001 

Battery operation min 1.8V 

Battery operated 

LM2001N 

500 mW 

6V 

80 

1.8V-6V 

- 

- 


Adjustable gain/bandwidth 

Stable A-B bias 

audio systems 









Note 1: P 0 rated at specified conditions except THD 0.10%. 
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TABLE III. Dual Preamplifier Characteristics 




LM381N 


LM382N 



LM387N 



LM1303N 


PARAMETER 

CONDITIONS 

(14-PIN DIP) 


(14-PIN DIP) 



(8-PIN DIP) 


(14-PIN DIP) 

UNITS 



MIN TYP MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP MAX 


Supply Voltage 


9 40 

9 


40 

9 


40 

±4.5 

±15 

Vrms 

Quiescent Supply 

Current 

Input Resistance 
(Open Loop) 


10 


10 

16 


10 



15 

mA 

Positive Input 


100k 


100k 


50k 

100k 



25k 

ft 

Negative Input 


200k 


200k 



200k 



25k 

ft 

Open Loop Gain 


104 


100k 



104 


76 

80 

dBV 

Output Voltage Swing 

R|_= 10kft 

Vs-2 


Vs-2 



V S -2 


11.3 

15.6 

Vp-p 

Output Current 












Source 


8(2) 


8(2) 



8(2) 


0.6 

0.8 

mA 

Sink 


2 


2 



2 


0.6 

0.8 

mA 

Output Resistance 
(Open Loop) 


150 


150 



150 



4k 

ft 

Slew Rate 

(A V = 40dB) 

4.7 


4.7 



4.7 



5.0(7) 

V/jzs 

Power Bandwidth 

20 Vp-p <Vg = 24V) 

75 


75 



75 




kHz 


11.3 Vp-p(Vs = ±13V) 









100 

kHz 

Unity Gain Bandwidth 


15 


15 



15 



20 

MHz 

Input Voltage 












Positive Input 


300 



300 



300 



mVrms 

Either Input 










±5 

V 

Supply Rejection Ratio 

Input Referred, 1 kHz 

120 


120 



110 




dBV 

Channel Separation 

f = 1 kHz 

60 

40 

60 


40 

60 


60 

70 

dBV 

Total Harmonic 

f = 1 kHz (3) 

0.1 


0.1 

0.3 


0.1 

0.5 


0.1 

% 

Distortion 












Total Equivalent 

RS = 600ft, 10—10 kHz 

0.5(4) 1.0(4) 


0.8 

1.2 


0.8 

1.2 



/iVrms 

Input Noise 

RS = 600ft, 10-10 kHz 

0.5(4, 5) 0.7(4,5) 





0.65(6) 

0.9(6) 



juVrms 

Total NAB (8) 


190 





230 




/tVrms 

Output Noise 

RS = 600ft, 10-10 kHz 

140(5) 





180(6) 




pVrms 


Note (1): Specifications apply for = 25°C with Vs = 14V for LM381, LM382, LM387 and Vg = ±13V for LM1303 unless otherwise noted. 
Note (2): DC current; symmetrical ac current = 2 mAp-p. 

Note (3): LM381 and LM387 gain = 60 dB; LM382 gain = 60 dB; LM1303 gain = 40 dB. 

Note (4): Single ended input biasing. 

Note (5): LM381AN. 

Note (6): LM387AN. 

Note (7): Frequency compensation: C = 0.0047//F, pins 3 to 4. 

Note (8): NAB reference level: 37 dBV gain at 1 kHz. Tape playback circuit. 
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V s (VOLTS) 


FIGURE 1. P 0 vs Vg For R L = 4£2 



FIGURE 2. P 0 vs V S For R L = 8£2 
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FIGURE 3. P 0 vs Vg For R L = 16£2 
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Definition of Terms 


National 

Semiconductor 


Definition of Terms 

AGC dc Output Shift: The shift of the quiescent 1C 
output voltage of the AGC section for a given change in 
AGC central voltage. 

AGC Figure of Merit (AGC Range): The widest possible 
range of input signal level required to make the output 
drop by a specified amount from the specified maximum 
output level. 

AGC Input Current: The current required to bias the 
central voltage input of the AGC section. 

AM Rejection Ratio: The ratio of the recovered audio 
output produced by a desired FM signal of specified 
level and duration to the recovered audio output pro- 
duced by an unwanted AM signal of specified amplitude 
and modulating index. 

Channel Separation: The level of output signal of an 
undriven amplifier with respect to the output level of 
an adjacent driven amplifier. 

Detection Bandwidth: That frequency range about the 
free running frequency of the tone decoder/phase locked 
loop where a signal above a specified level will cause a 
detected signal condition at the output. 

Detection Bandwidth Skew: The measure of how well 
the detection bandwidth is centered about the free 
running frequency. It is equal to the maximum detection 
bandwidth frequency plus the minimum detection band- 
width frequency minus twice the free running frequency. 

Hold In Range: That range of frequencies about the 
free running frequency for which the phase locked loop 
will stay in lock if initially starting out in lock. 

Input Bias Current: The average of the two input 
currents. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Input Sensitivity: The minimum level of input signal 
at a specified frequency required to produce a specified 
signal-to-noise ratio at the recovered audio output. 

Input Voltage Range: The range of voltages on the 
input terminals for which the amplifier operates within 
specifications. 


Audio, Radio and TV Circuits 


Large-Signal Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage required to 
drive the output from zero to this voltage. 

Limiting Threshold: In FM the input signal level which 
causes the recovered audio output level to drop 3 dB 
from the output level with a specified large signal input. 

Lock In Range: That range of frequencies about the 
free running frequency 'for which the phase locked 
loop will come into lock if initially starting out of lock. 

Maximum Sweep Rate: The maximum rate that the 
VCO may be made to vary its oscillating frequency over 
its Sweep Range. 

Output Resistance: The ratio of the change in output 
voltage to the change in output current with the output 
around zero. 

Output Voltage Swing: The peak output voltage swing, 
referred to zero, that can be obtained without clipping. 

Phase Detector Sensitivity: The change in the output 
voltage of the phase detector for a given change in phase 
between the two input signals to the phase detector. 

Power Bandwidth: That frequency at which the voltage 
gain reduces to 1/\/2 with respect to the flat band 
voltage gain specified for a given load and output power. 

Power Supply Rejection: The ratio of the change in 
input offset voltage to the change in power supply 
voltages producing it. 

Slew Rate: The internally limited rate of change in 
output voltage with a large amplitude step function 
applied to the input. 

Supply Current: The current required from the power 
supply to operate the amplifier with no load and the 
output at zero. 

Sweep Range: That ratio of maximum oscillating 
frequency to minimum operating frequency produced 
by varying the central voltage of the VCO from its 
maximum value to its minimum value with fixed values 
of timing resistance and capacitance. 

VCO Sensitivity: The change in operating frequency 
for a given change in VCO central voltage. 
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National 

Semiconductor 


Audio, Radio and TV Circuits 


LM377 Dual 2 Watt Audio Amplifier 


General Description 

The LM377 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc. 

The LM377 will deliver 2W/channel into 8 or 16f2 loads. 
The amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu- 
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown. For more information, see AN-125. The 
LM377 is not recommended for new designs; see the 
LM1877 data sheet for an improved pin-for-pin re- 
placement to the LM377 in audio applications. 

Features 

■ A vo typical 90 dB 

■ 2W per channel 

■ 70 dB ripple rejection 

■ 75 dB channel separation 

■ Internal stabilization 


■ Self centered biasing 

■ 3 M12 input impedance 

■ 10— 26V operation 

■ Internal current limiting 

■ Internal thermal protection 

Applications 

■ Multi-channel audio systems 

■ Tape recorders and players 

■ Movie projectors 

■ Automotive systems 

■ Stereo phonographs 

■ Bridge output stages 

■ AM-FM radio receivers 

■ Intercoms 

■ Servo amplifiers 

■ Instrument systems 
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LM377 




LM377 


Absolute Maximum Ratings 

Supply Voltage 

Input Voltage 

Operating Temperature 

Storage Temperature 

Junction Temperature 

Lead Temperature (Soldering, 10 seconds) 


26 V 

0V - V SU pp LY 
0°C to + 70°C 
-65°C to +150°C 
150°C 
300°C 


Electrical Characteristics 

Vg = 20V, T tab = 25°C, R L = 812, A v = 50 (34 dB), unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

Pout = OW 


15 

50 

mA 

. 

P out ~ 1.5W/Channel 


430 

500 

mA 

DC Output Level 



10 


V 

Supply Voltage 


10 


26 

V 

Output Power 

T.H.D. = < 5% 

2 

2.5 


w 

T.H.D. 

Pout = 0.05W/Channel, f = 1 kHz 


0.25 


% 


Pout = IW/Channel, f = 1 kHz 


0.07 

1 

% 

* 

Pout = 2W/Channel, f = 1 kHz 


0.10 


% 

Offset Voltage 



15 


mV 

Input Bias Current 



100 


nA 

Input Impedance 

- 

3 



M12 

Open Loop Gain 

Rg = 012 

66 

90 


dB 

Output Swing 



Vg“6 


W-p 

Channel Separation 

C F = 250/iF, f = 1 kHz 

50 

70 


dB 

Ripple Rejection 

f = 120 Hz, Cp = 250/iF 

60 

70 


dB 

Current Limit 



1.5 


A 

Slew Rate 


• 

1.4 



Equivalent Input Noise Voltage 

R s = 60012, 100 Hz- 10 kHz 

t 

3 


juVrms 


Note 1 : For operation at ambient temperatures greater than 25°C the LM377 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. 

Note 2: Dissipation characteristics are shown for four mounting configurations. 

a. Infinite sink — 13.4° C/W 

b. P.C. board +V7 sink — 21°C/W. P.C. board is 2 1/2 square inches. Staver V7 sink is 0.02 inch thick copper and has a radiating surface 
area of 10 square inches. 

c. P.C. board only — 29° C/W. Device soldered to 2 1/2 square inch P.C. board. 

d. Free air- 58° C/W. 
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Typical Performance Characteristics 


Maximum Dissipation vs 

Ambient Temperature Open Loop Gain 


Supply Current vs 
Temperature 
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DC Output Level vs 
Temperature 
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Power Dissipation vs 
Power Output 
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POWER SUPPLY REJECTION (dB) 


£5 Typical Performance Characteristics (Continued) 
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National 

Semiconductor 


Audio, Radio and TV Circuits 


LM378 Dual 4 Watt Audio Amplifier 

General Description 


The LM378 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc. 


The LM378 will deliver 4W channel into 8 or 16£2 loads. 
The amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu- 
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown. For more information see AN-125. 


Features 

■ A v0 typical 90 dB 

■ 4W per channel 

■ 70 dB ripple rejection 

■ 75 dB channel separation 

■ Internal stabilization 


■ Self centered biasing 

■ 3 M£2 input impedance 

■ Internal current limiting 

■ Internal thermal protection 

Applications 

Multi-channel audio systems 
Tape recorders and players 

■ Movie projectors 

■ Automotive systems 

■ Stereo phonographs 

■ Bridge output stages 

■ AM-FM radio receivers 

■ Intercoms 

■ Servo amplifiers 

■ Instrument systems 


Schematic Diagram 
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Absolute Maximum Ratings 

Supply Voltage 35V 

Input Voltage OV — Vgyppi_y 

Operating Temperature 0°C to +70° C 

Storage T emperature ~65°C to + 1 50°C 

Junction Temperature 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics 

Vg = 24V, T tab = 25°C, R L = 8^2, A v - 50 (34 dB), unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

Pout * 0W 


15 

50 

mA 


Pout = 1.5W/Channel 


430 

500 

mA 

DC Output Level > 1 



12 


V 

Supply Voltage 


10 



V 

Output Power 

T.H.D. =< 5%, R l = 8S2 

4 

1 5 


w 


T.H.D. = < 5%, R L = 16a 2 

4 

5 


W* 

T.H.D. 

Pout = 0.05W/Channel, f = 1 kHz 


0.25 


% 


Pout = IW/Channel, f = 1 kHz 


0.07 

1 

% 


P OUT 2W/Channel, f = 1 kHz 


0.10 


■ % 

Offset Voltage 



15 

| 


mV 

Input Bias Current 



100 


nA 

Input Impedance 


3 



mi 

Open Loop Gain 

r s - on 

66 

90 


dB 

Channel Separation 

C F = 250/zF, f = 1 kHz 

50 

70 


dB 

Ripple Rejection 

f = 120 Hz, C F = 250juF 

60 

70 


dB 

Current Limit 



1.5 


A 

Slew Rate 



1.4 


V//zs 

Equivalent Input Noise Voltage • 

R s — 600-2, 100 Hz — 10 kHz 


3 


jitVrms 


Note 1 : For operation at ambient temperatures greater than 25°C the LM378 must be derated based on a maximum 150 a C junction temperature 
using a thermal resistance which depends upon device mounting techniques. 

Note 2: Dissipation characteristics are shown for four mounting configurations. 

a. Infinite sink — 1 3. 4°C/W 

b. P.C. board +V 7 sink — 21°C/W. P.C. board is 2 1/2 square inches. Staver V 7 sink is 0.02 inch thick copper and has a radiating surface 
area of 10 square inches. 

c. P.C. board only - 29°C/W. Device soldered to 2 1/2 square inch P.C. board. 

d. Free air - 58°C/W. 

♦Tested at V s = 30V. 
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Typical Performance Characteristics 


Maximum Dissipation vs 
Ambient Temperature 
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Supply Current vs 
Output Power 
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Power Output 
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LM379 


National Audio, Radio and TV Circuits 

Semiconductor 

LM379 Dual 6 Watt Audio Amplifier 

General Description 

The LM379 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc. 

The LM379 will deliver 6W/channel to an 8£2 load. The 
amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu- 
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown. For more information, see AN-1 25. 

Features 

■ A V o typical 90 dB 

■ 6W per channel 

■ 70 dB ripple rejection 

■ 75 dB channel separation 

■ Internal stabilization 


■ Self centered biasing 

■ 3 M£2 input impedance 

■ Internal current limiting 

■ Internal thermal protection 

Applications 

■ Multi-channel audio systems 

■ Tape recorders and players 

■ Movie projectors 

■ Automotive systems 

■ Stereo phonographs 
* Bridge output stages 

■ AM-FM radio receivers 

■ Intercoms 

■ Servo amplifiers 

■ Instrument systems 




Connection Diagram 

Dual-In-Line Power Package 


Vcc 

NC 

SIGNAL GND 
POWER GND 
OUTPUT 1 
INPUT 1 
FEEDBACK 1 


TOP VIEW 

Order Number LM379S 
See NS Package SI 4 A 


a F 


CZ3 


14 .. 


V /2 

— NC 

— SIGNAL GNO 

— POWER GND 
10 - 

— OUTPUT 2 
INPUT 2 

p- FEEDBACK 2 


Typical Applications 

Simple Stereo Amplifier 


100k 
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Absolute Maximum Ratings 


Supply Voltage 

Input Voltage 

Operating Temperature 

Storage Temperature 

Junction Temperature 

Lead Temperature (Soldering, 10 seconds) 


35V 

0V — V SU p PLY 
0°C to +70° C 
-65°C to +1 50°C 
1 50°C 
300°C 


Electrical Characteristics 

V s = 28V, T tab = 25°C, R l = 812, A v = 50 (34 dB), unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

Pout = OW 


15 

65 

mA 


Pout = 1-5W/Channel 


430 


mA 

DC Output Level 



14 


V 

Supply Voltage 


10 



V 

Output Power 

T.H.D. = 5% 


6 


W 


T.H.D. = 10% 

6 

7 


W 

T.H.D. 

Pqut = IW/Channel, f = 1 kHz 


0.07 

1 

% 


Pout = 4W/Channel, f = 1 kHz 


0.2 


% 

Offset Voltage 



15 


mV 

Input Bias Current 



100 


nA 

Input Impedance 


3 



M12 

Open Loop Gain 

R s = 012 

66 | 

90 


dB 

Channel Separation 

C F = 250/iF, f = 1 kHz 

50 

70 


dB 

Ripple Rejection 

f = 120 Hz. C F = 250juF 


70 


dB 

Current Limit 



1.5 


A 

Slew Rate 



1.4 


V//is 

Equivalent Input Noise Voltage 

R s = 60012, 100 Hz- 10 kHz 

j 

3 


juVrms 


Note 1: For operation at ambient temperatures greater than 25°C the LM379 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. In most applications it is advisable to heat sink to the chassis. See curves. 


Typical Performance Characteristics 


Maximum Dissipation vs 
Ambient Temperature 
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LM379 


Typical Performance Characteristics (continued) 


Supply Current vs 
Output Power 
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Power Dissipation vs 
Power Output 
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Typical Applications (Continued) 
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National 

Semiconductor 


Audio, Radio and TV Circuits 


LM380 Audio Power Amplifier 

General Description 


The LM380 is a power audio amplifier for con- 
sumer application. In order to hold system cost to 
a minimum, gain is internally fixed at 34 dB. A 
unique input stage allows inputs to be ground 
referenced. The output is automatically self 
centering to one half the supply voltage. 

The output is short circuit proof with internal 
thermal limiting. The package outline is standard 
dual-in-line. A copper lead frame is used with the 
center three pins on either side comprising a heat 
sink. This makes the device easy to use in standard 
p-c layout. 

Uses include simple phonograph amplifiers, inter- 
coms, line drivers, teaching machine outputs, 
alarms, ultrasonic drivers, TV sound systems, AM- 
FM radio, small servo drivers, power converters, etc. 


A selected part for more power on higher supply 
voltages is available as the LM384. For more 
information see AIM-69. 

Features 

■ Wide supply voltage range 

■ Low quiescent power drain 

■ Voltage gain fixed at 50 

■ High peak current capability 

■ Input referenced to GND 

■ High input impedance 

■ Low distortion 

■ Quiescent output voltage is at one-half of the 
supply voltage 

■ Standard dual-in-line package 


Connection Diagrams (Dual-ln-Line Packages, Top View) 




Order Number LM380N 
See NS Package N14A 


Order Number LM380N-8 
See' NS Package N08B 


Block and Schematic Diagrams 


LM380N 



LM380N-8 

BYPASS V s 
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Absolute Maximum Ratings 

Supply Voltage 22 V 

Peak Current 1.3A 

Package Dissipation 14-Pin DIP (Notes 6 and 7) 10W 

Input Voltage ±0.5V 

Storage Temperature -65°C to +150°C 

Operating Temperature 0°C to +70° C 

Junction T emperature +1 50°C 

Lead Temperature (Soldering, 10 sec) +300°C 


Electrical Characteristics (Note 1) 


PARAMETER 

SYMBOL 

CONDITIONS MIN 

TYP 

MAX 

UNITS 

Output Power 

P OUT(RMS) 

(Notes 3, 4) R l = 8ft, THD = 3% 2.5 



W 

Gain 

A v 

40 

50 

60 

v/v 

Output Voltage Swing 

VoUT 

R l = 812 

14 


Vp-p 

Input Resistance 

2 IN 


150k 


12 

Total Harmonic Distortion 

THD 

(Note 4, 5) 

0.2 


% . 

Power Supply Rejection Ratio 

PSRR 

(Note?) 

38 


dB 

Supply Voltage 

V s 

8 


22 

V 

Bandwidth 

BW 

P out = 2W, R l = 8£2 

100k 


Hz 

Quiescent Supply Current 

Iq 


7 

25 

mA 

Quiescent Output Voltage 

VoUTQ 

8 

9.0 

10 

V 

Bias Current 

•bias 

Inputs Floating 

100 


nA 

Short Circuit Current 

Isc 


1.3 


A 


Note 1: V§ = 18V and = 25°C unless otherwise specified. 

Note 2: Rejection ratio referred to the output with CgYPASS = 5 juF. 

Note 3: With device Pins 3, 4, 5, 10, 11,12 soldered into a 1/16” epoxy glass board with 2 ounce copper foil with a minimum 
surface of 6 square inches. 

Note 4: If oscillation exists under some load conditions, add 2.7S2 and 0.1 jufd series network from Pin 8 to Gnd. 

Note 5: CgYPASS = 0- 47 Mfd on Pin 1. 

Note 6: The maximum junction temperature of the LM380 is 150° C. 

Note 7: The package is to be derated at 12°C/W junction to heat sink pins. 


Heat Sink Dimensions 


COPPER WINGS 
2 REQUIRED 
SOLDERED TO 
PINS 3,4,5, 
10,11,12 
THICKNESS 0 04 
INCHES 



10-15 


LM380 




Typical Performance Characteristics 


Device Dissipation vs Ambient Temperature 
12.0 
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Power — 1612 Load 
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Power Supply Current vs 
Supply Voltage 
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V + SUPPLY VOLTAGE (V) 


Total Harmonic Distortion 
vs Frequency 


Output Voltage Gain and 
Phase vs Frequency 
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FREQUENCY (Hz) 
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Total Harmonic Distortion 
vs Output Power 


Cbypass = 5pF 
HEATSINK = TWO 
COPPER WINGS 
SEE FIG. PAGE 4 


Device Dissipation vs Output 
Power 
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LM381/LM381A 




National 

Semiconductor 


Audio, Radio and TV Circuits 


LM381/LM381A Low Noise Dual Preamplifier 


General Description 

The LM381/LM381A is a dual preamplifier for 
the amplication of low level signals in applications 
requiring optimum noise performance. Each of the 
two amplifiers is completely independent, with 
individual internal power supply decoupler; 
regulator, providing 120 dB supply rejection and 
60 dB channel separation. Other outstanding 
features include high gain (112 dB), large output 
voltage swing (V cc -2V) p-p, and wide power 
bandwidth (75 kHz, 20V P . P ),The LM381/LM381A 
operates from a single supply across the wide range 
of 9 to 40V. 

Either differential input or single ended input 
configurations may be selected. The amplifier 
is internally compensated with the provision for 
additional external compensation for narrow band 


applications. For additional information see AN- 
64, AN-104. 


Features 

■ Low Noise — .5 /A/ total input noise 

■ High Gain — 1 12 dB open loop 

■ Single Supply Operation 

■ Wide supply range 9-40V 

■ Power supply rejection 120 dB , 

■ Large output voltage swing (V cc -2V) p . p 

■ Wide bandwidth 16 MHz unity gain 

■ Power bandwidth 75 kHz, 20 V p _ p 

■ Internally compensated 

■ Short circuit protected 


Schematic and Connection Diagrams 



j 


Typical Applications 



Dual-ln-Line Package 


Order Number LM381N or LM381AN 
See NS Package N14A 



Typical Tape Playback Amplifier 


Typical Magnetic Phono Preamp 


T X“J 



; % 500 K‘: i 

no li-— 


Two-Pole Fast Turn-On NAB Tape Preamp 
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Absolute Maximum Ratings 

Supply Voltage 

Power Dissipation (Note 1) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


+40V 
715 mW 
0°C to 70°C 
-65°C to +1 50°C 
300°C 


Electrical Characteristics t a = 25°c, v cc = iw, unless otherwise stated. 


PARAMETER 


CONDITIONS 


Voltage Gain 


Supply Current 
Input Resistance 
(Positive Input) 
(Negative Input) 
Input Current 
(Negative Input) 
Output Resistance 
Output Current 


Open Loop (Differential Input), f = 100 Hz 
Open Loop (Single Ended), f = 100 Hz 
V cc 9 to 40V, R L = 00 


Output Voltage Swing 
Unity Gain Bandwidth - 
Power Bandwidth 
Maximum Input Voltage 
Supply Rejection Ratio 
Channel Separation 
Total Harmonic Distortion 


Open Loop 

Source 

Sink 

Peak-to-Peak 


20 V p .p (V cc = 24V) ‘ 
Linear Operation 
f = 1 kHz 
f = 1 kHz 

60 dB Gain, f = 1 kHz 


Total Equivalent Input 
Noise 


LM381A 

LM381 


R s .= 60012, 10 - 10,000 Hz (Single Ended Input, 
Flat Gain Circuit, A v = 1000) 


TYP MAX 

UNITS 

160,000 

v/v 

320,000 

v/v 

10 

mA 

100 

k!2 

200 

k!2 

0.5 

ma 

150 

12 

8 

mA 

2 

mA 

CM 

o 

o 

> 

V 

15 

MHz 

75 

kHz 

300 

mVrms 

120 

dB 

60 

dB 

0.1 

% 

0.5 0.7 

fjiVr ms 

0.5 1.0 

/uVrms 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 175°C/W junction to ambient. 


Typical Applications (Continued) 


0141 

O.luf 

J* “(2.13) 


Ultra-Low Distortion Amplifier 
(A V = 10, THD < 0.05%, V 0 UT = 3 V RMS> 


ion 
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LM381/LM381A 




LM381/LM381A 
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National 

mjA Semiconductor 


Audio, Radio and TV Circuits 


LM382 Low Noise Dual Preamplifier 


General Description 

The LM382 is a dual preamplifier for the ampli- 
cation of low level signals in applications requir- 
ing optimum noise performance. Each of the two 
amplifiers is completely independent, with indivi- 
dual internal power supply decoupler-regulator, 
providing 120 dB supply rejection and 60 dB chan- 
nel separation. Other outstanding features include 
high gain (100 dB), and wide power bandwidth 
(75 kHz, 20 Vp-p). The LM382 operates from a 
single supply across the wide range of 9 to 40V. 


A resistor matrix is provided on the chip to allow 
the user to select a variety of closed loop gain 
options and frequency response characteristics 
such as flat-band, NAB or RIAA equalization. The 


circuit is supplied in the 14 lead dual-in-line 
package. 

Features 

■ Low noise - 0.8 /iV total equivalent input noise 

■ High gain — 100 dB open loop 
° Single supply operation 

■ Wide supply range 9 to 40V 

■ Power supply rejection — 120 dB 

■ Large output voltage swing 

a Wide bandwidth — 15 MHz unity gain 
n Power bandwidth - 75 kHz, 20 V p . p 

■ Internally compensated 
h Short circuit protected. 


Schematic and Connection Diagrams 



Dual-ln-Line Package 



Order Number LM382N 
See NS Package N14A 


Typical Applications 






Cl Only 40 dB 

C2 Only 55 dB 

C1&C2 80 dB 


_C 2 ''T N 1°' jF 
N 10mF j 


Tape Preamp (NAB Equalization) Phono Preamp (RIAA Equalization) Flat Response — Fixed Gain 

Configuration 
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M382 



LM382 


Absolute Maximum Ratings 





Supply Voltage +40V 

Power Dissipation (Note 1 ) 715 mW 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300° C 




Electrical Characteristics t a = 25 °c, v cc = 

14V, unless otherwise stated. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Voltage Gain 

Open Loop, f = 100 Hz 


100,000 


V/V 

Supply Current 

Vcc 9 t0 40V, R(_ = 00 


10 

16 

mA 

Output DC Voltage 



6 


V 

Input Resistance 






(Positive Input) 



100 


kn 

(Negative Input) 



200 


k£2 

Input Current 






(Negative Input) 



0.5 


PA 

Output Resistance 

Open Loop 


150 


n 

Output Current 

Source 


8 


mA 


Sink 


2 


mA 

Output Voltage Swing 

Peak-to-Peak, R[_ = 10k 


12 


V 

Unity Gain Bandwidth 



15 


MHz 

Power Bandwidth 

20 Vp-p (V C C = 24V) 


75 


kHz 

Maximum Input Voltage 

Linear Operation 



300 

mVrms 

Supply Rejection Ratio 

f = 1 kHz 


120 


dB 

Channel Separation 

f = 1 kHz 

40 

60 


dB 

Total Harmonic Distortion 

60 dB Gain, f - 1 kHz 


0.1 

0.3 

% 

Total Equivalent Input 

Noise 

RS = 600£2, 100- 10,000 Hz 
(Flat Response Circuit) 


0.8 

1.2 

pVrms 

Note 1: For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 175°C/W junction to ambient. 
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V IN (nVA/Hz ) CHANNEL SEPARATION (dB) PEAK-PEAK OUTPUT VOLTAGE SWING 





LM383/LM383A 




National 

Semiconductor 


LM383/LM383A 8 Watt Audio 


Audio, Radio and TV Circuits 
Power Amplifier 


General Description Features 


The LM383 is a cost effective, high power ampjifier 
suited for automotive applications. High current capabili- 
ty (3.5A) enables the device to drive low impedance loads 
with low distortion. The LM383 is current limited and 
thermally protected. High voltage protection is available 
(LM383A) which enables the amplifier to withstand 40V 
transients on its supply. The LM383 comes in a 5-pin 
TO-220 package. 


■ High peak current capability (3.5A) 

■ Large output voltage swing 

■ Externally programmable gain 

■ Wide supply voltage range (5V-20V) 

■ Few external parts required 

■ Low distortion 

■ High input impedance 

■ No turn-on transients 

■ High voltage protection available (LM383A) 

■ Low noise 

■ Short circuit protected 


Equivalent Schematic 



Connection Diagram 


TO-220 Plastic Package 


n_r 


O 


UT. 



3 3 

ZZ>2 


SUPPLY VOLTAGE 

OUTPUT 

GROUND 

INVERTING INPUT 
NON-INVERTING INPUT 


Order Number LM383T or LM383AT 
See NS Package T05A 


Typical Applications 
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Absolute Maximum Ratings 



Peak Supply Voltage (50 ms) 




LM383A(Note2) 

40V 



LM383 

25V 



Operating Supply Voltage 

20V 



Output Current 




Repetitive 

3.5A 



Non-repetitive 

4.5A 



Input Voltage 

± 0.5V 



Power Dissipation (Note 3) 

15W 



OperatingTemperature 

0°C to + 70°C 



StorageTemperature 

— 60°Cto + 150°C 



LeadTemperature(Soldering,10seconds) 300°C 



Electrical Characteristics V s = 14.4V, T tab = 25°C, A v = 100 (40 dB), R L = 4ft, unless otherwise specified 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DC Output Level 


6.4 

7.2 

8 

V 

Quiescent Supply Current 

Excludes Current in Feedback Resistors 


45 

80 

mA 

Supply Voltage Range 


5 


20 

V 

Input Resistance 



150 


kft 

Bandwidth 

Gain = 40 dB 


30 


kHz 

Output Power 

V s = 13.2V, f = 1 kHz 






R l = 412, THD = 10% 


4.7 


W 


R L = 2ft, THD = 10% 


7.2 


W 


V s = 13.8V, f = 1 kHz 






R L = 4ft, THD = 10% 


5.1 


W 


R L = 2ft, THD = 10% 


7.8 


W 


V s = 14.4V, f = 1 kHz 






R L = 4ft, THD = 10% 

4.8 

5.5 


W 


R L = 2ft, THD = 10% 

7 

8.6 


W 


V s = 16V, f = 1 kHz 






R L = 4ft, THD = 10% 


7 


W 


R l = 2ft, THD = 10% . 


10.5 


W 

THD 

P 0 = 2 W, R l = 4ft, f = 1 kHz 


0.2 


, % 


P 0 = 4W, R L = 2ft, f = 1 kHz - 


0.2 


% 

Ripple Rejection 

R s = 50ft, f = 100 Hz 

30 

40 


dB 


R s 50ft, f = 1 kHz 


44 


dB 

Input Noise Voltage 

R s = 0, 15 kHz Bandwidth 


2 



Input Noise Current 

R s = 100 kft, 15 kHz Bandwidth 


40 


pA 

Note 1: A 0.2 fuF capacitor should be placed as close as possible to pins 3 and 4 for stability. 



Note 2: The LM383 shuts down above 25V. 



Note 3: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance of 

4°C/W junction to case. 





- 
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LM383/LM383A 




LM383/LM383A 


Typical Performance Characteristics 


Device Dissipation vs 
Ambient Temperature 



0 10 20 30 40 50 60 70 80 

T A - AMBIENT TEMPERATURE (°C) 


Power Dissipation vs 
Output Power 



Power Dissipation vs 
Output Power 



OUTPUT POWER (W) 


Open Loop Gain 
vs Frequency 


Supply Ripple Rejection 
vs Frequency 


Supply Current vs 
Supply Voltage 



FREQUENCY (Hz) 


FREQUENCY (Hz) 
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LM383/LM383A 




LM384 




National 

Semiconductor 


Audio, Radio and TV Circuits 


LM384 5 Watt Audio Power Amplifier 


General Description 

The LM384 is a power audio amplifier for consumer 
application. In order to hold system cost to a minimum, 
gain is internally fixed at 34 dB. A unique input stage 
allows inputs to be ground referenced. The output is auto- 
matically self-centering to one half the supply voltage. 

The output is short-circuit proof with internal thermal 
limiting. The package outline is standard dual-in-line. 
A copper lead frame is used with the center three pins on 
either side comprising a heat sink. This makes the device 
easy to use in standard p-c layout. 

Uses include simple phonograph amplifiers, intercoms, 
line drivers, teaching machine outputs, alarms, ultrasonic 
drivers, TV sound systems, AM-FM radio, sound projector 
systems, etc. See AN-69 for circuit details. 


Features 

■ Wide supply voltage range 

■ Low quiescent power drain 

■ Voltage gain fixed at 50 

■ High peak current capability 

■ Input referenced to GND 

■ High input impedance 

■ Low distortion 

■ Quiescent output voltage is at, one half of the 
supply voltage 

■ Standard dual-in-line package 


Block and Connection Diagrams 


Duai-in-Line Package 



Order Number LM384N 
See NS Package N14A 



Schematic Diagram 
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Absolute Maximum Ratings 

Supply Voltage 

Peak Current 

Power Dissipation 

Input Voltage 

Storage Temperature 

Operating Temperature 

Lead Temperature (Soldering, 10 seconds) 


28V 
1.3 A 

(See Notes 3 and 4) 


±0.5V 
-65°Cto +1 50°C 


0°C to +70°C 
300°C 


Electrical Characteristics (Note n 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Resistance (Z )N ) 



150 


k£2 

Bias Current (I B ias) 

Inputs Floating 


100 


nA 

Gain (A v ) 


40 

50 

60 

V/V 

Output Power (P 0 ut) 

THD = 10%, R L = 8f2 

5 

5.5 


W 

Quiescent Supply Current (l Q ) 



8.5 

25 

mA 

Quiescent Output Voltage (V OUT Q ) 

! 


11 


V 

Bandwidth (BW) 

P OUT = 2W, R l =80 


450 

. | 

kHz 

Supply Voltage (V + ) 


12 


26 

V 

Short Circuit Current (l sc ) 



1.3 


A 

Power Supply Rejection Ratio 



31 


dB 

(PSRR rto ) (Note 2) 






Total Harmonic Distortion (THD) 

Pout =4W ' r l = 8Q 


0.25 

1.0 

% 


Note 1: V + = 22V and = 25°C operating with a Staver V7 heat sink for 30 seconds. 

Note 2: Rejection ratio referred to the output with CgyPASS ~ 5juF, freq = 120 Hz. 

Note 3: The maximum junction temperature of the LM384 is 150°C. 

Note 4: The package is to be derated at 12°C/W junction to heat sink pins. 

Note 5: Output is fully protected against a shorted speaker condition at all voltages up to 22V. 


Heat Sink Dimensions 

Staver "V7 - Heat Sink 
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LM384 



LM384 


Typical Performance Characteristics 


Device Dissipation vs 


Thermal Resistance vs 


Ambient Temperature 


Square inches 
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SQUARE INCHES OF COPPER FOIL 
P.C. BOARD HEATSINK 
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Power Supply Current vs 
Supply Voltage 


Device Dissipation vs . 
Output Power— 1612 Load 
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SUPPLY VOLTAGE (V) 
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\ 


Device Dissipation vs 
Output Power— 412 Load 



OUTPUT POWER (W) 


Supply Decoupling vs 
Frequency 



10 100 Ik 10k 

FREQUENCY (Hz) 


Total Harmonic Distortion vs 
Frequency 



100 Ik 10k 100k 

FREQUENCY (Hz) 


Device Dissipation vs 
Output Power— 812 Load 



STAVER "V7" HEAT SINK 
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OUTPUT POWER (W) 
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LM386 


National 

Semiconductor 


Audio, Radio and TV Circuits 


LM386 Low Voltage Audio Power Amplifier 

General Description 


The LM386 is a power amplifier designed for use in low 
voltage consumer applications. The gain is internally 
set to 20 to keep external part count low, but the 
addition of an external resistor and capacitor between 
pins 1 and 8 will increase the gain to any value up 
to 200. 

The inputs are ground referenced while the output is 
automatically biased to one half the supply voltage. The 
quiescent power drain is only 24 milliwatts when oper- 
ating from a 6 volt supply, making the LM386 ideal 
for battery operation. 

Features 

■ Battery operation 

■ Minimum external parts 

■ Wide supply voltage range ' 4V-12V or 5V-18V 

■ Low quiescent current drain 4 mA 


■ Voltage gains from 20 to 200 

■ Ground referenced input 

■ Self-centering output quiescent voltage 

■ Low distortion 

■ Eight pin dual-in-line package 

Applications 

■ AM-FM radio amplifiers 

■ Portable tape player amplifiers 

■ Intercoms 

■ TV sound systems 


■ ' Ultrasonic drivers 

■ Small servo drivers 

■ Power converters 


Equivalent Schematic and Connection Diagrams 



Dual-1 n-Line Package 



Typical Applications 


Amplifier with Gain = 20 
Minimum Parts 


Order Number LM386N-1, 
LM386N-3 or LM386N-4 
See NS Package N08B 


Amplifier with Gain = 200 
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Absolute Maximum Ratings 




Supply Voltage (LM386N) 

15V 

Storage Temperature 

-65°C to +150°C 

Supply Voltage (LM386N-4) 

22 V 

Operating Temperature 

0°C to +70° C 

Package Dissipation (Note 1) (LM386N-4) 

1.25W 

Junction Temperature 

+150°C 

Package Dissipation (Note 2) (LM386) 

660 mW 

Lead Temperature (Soldering, 10 seconds) +300°C 

Input Voltage 

±0.4V 



Electrical Characteristics t a 

= 25°C 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Operating Supply Voltage (V s ) 






LM386 


4 


12 

V 

LM386N-4 


5 


18 

V 

Quiescent Current (l Q ) 

V s = 6V, V IN =0 


4 

8 

mA 

Output Power (Pout) 






LM386N-1 

V s = 6V, R l = 8 ft, THD = 10% 

250 

325 


mW 

LM386N-3 

V s = 9V, R u = 8ft, THD = 10% 

500 

700 


mW 

LM386N-4 

V s = 16V, R l = 32ft, THD = 10% 

700 

1000 


mW 

Voltage Gain (A v ) 

V s = 6V,f= 1 kHz 


26 


dB 


IO/i F from Pin 1 to 8 


46 


dB 

Bandwidth (BW) 

V s = 6V, Pins 1 and 8 Open 


300 


kHz 

Total Harmonic Distortion (THD) 

V s = 6V, R l = 8ft, Pqut = 125 mW 


0.2 


% 

r 

f = 1 kHz, Pins 1 and 8 Open 





Power Supply Rejection Ratio (PSRR) 

Vg = 6V, f ~ 1 kHz, CgypASS = 10/i F 
Pins 1 and 8 Open, Referred to Output 


50 


dB 

Input Resistance (R 1N ) 



50 


kft 

Input Bias Current (l B | AS ) 

V s = 6V, Pins 2 and 3 Open 


250 


nA 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a ^ 
thermal resistance of 100°C/W junction to ambient. 

Note 2: For operation in ambient temperatures above 25 °C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 187°C junction to ambient. 


Application Hints 

GAIN CONTROL 

To make the LM386 a more versatile amplifier, two pins 
(1 and 8) are provided for gain control. With pins 1 and 
8 open the 1.35 kft resistor sets the gain at 2Q(26 dB). 
If a capacitor is put from pin 1 to 8, bypassing the 
1.35 kft resistor, the gain will go up to 200 (46 dB). If 
a resistor is placed in series with the capacitor, the gain 
can be set to any value from 20 to 200. Gain control can 
also be done by capacitively coupling a resistor (or FET) 
from pin 1 to ground. 


Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain and 
frequency response for individual applications. For ex- 
ample, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 1 to 5 (paralleling the internal 
15 kft resistor). For 6 dB effective bass boost: R= 15 kft, 
the lowest value for good stable operation is R = 10 kft 
if pin 8 is open. If pins 1 and 8 are bypassed then R as 
low as 2 kft can be used. This restriction is because the 
amplifier is only compensated for closed-loop gains 
greater than 9. 


INPUT BIASING 

The schematic shows that both inputs are biased to 
ground with a 50 kft resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 12.5 mV when left open. If the dc source re- 
sistance driving the LM386 is higher than 250 kft it will 
contribute very little additional offset (about 2.5 mV at 
the input, 50 mV at the output). If the dc source 
resistance is less than 10 kft, then shorting the unused 
input to ground will keep the offset low (about 2.5 mV 
at the input, 50 mV at the output). For dc source 
resistances between these values we can eliminate excess 
offset by putting a resistor from the unused input to 
ground, equal in value to the dc source resistance. Of 
course all offset problems are eliminated if the input is 
capacitively coupled. 


When using the LM386 with higher gains (bypassing 
the 1.35 kft resistor between pins 1 and 8) it is necessary 
to bypass the unused input, preventing degradation of 
gain and possible instabilities. This is done with a 0.1/iF 
capacitor or a short to. ground depending on the dc 
source resistance on the driven input. 
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LM386 




LM386 


Typical Performance Characteristics 


Quiescent Supply Current 



4 5 6 7 8 9 10 11 12 

SUPPLY VOLTAGE (VOLTS) 


Power Supply Rejection Ratio 
(Referred to the Output) 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Peak-to-Peak Output Voltage 



4 5 6 7 8 9 10 11 12 


SUPPLY VOLTAGE (VOLTS) 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



20 50 100 200 500 Ik 2k 5k 10k 20k 
FREQUENCY (Hz) 


Distortion vs Output Power 



0.001 0.01 0.1 1.0 

POWER OUT (WATTS) 


Device Dissipation vs Output 
Power— 4 12 Load 



0 0.1 0.2 0.3 0.4 0.5 


Device Dissipation vs Output 
Power— 8£2 Load 



0 1.0 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 


OUTPUT POWER (W) 


OUTPUT POWER (W) 


Device Dissipation vs Output 
Power— 16ft Load 



OUTPUT POWER (W) 
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VOLTAGE GAIN (dB) 


Typical Applications (Continued) 


Amplifier with Gain = 50 



Amplifier with Bass Boost 


V s 



Frequency Response with 
Bass Boost 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


Low Distortion Power Wienbridge Oscillator 
390 



Square Wave Oscillator 



AM Radio Power Amplifier 



Note 1 : Twist supply lead and supply ground very tightly. 

Note 2: Twist speaker lead and ground very tightly: 

Note 3: Ferrite bead is Ferroxcube K5-001 -001/3B with 3 
turns of wire. 


Note 4: R1C1 band limits input signals. 

Note 5: All components must be spaced very close to 1C 





LM387/LM387A 


National 

Semiconductor 


Audio, Radio and TV Circuits 


LM387/LM387A Low Noise Dual Preamplifier 

General Description Features 


The LM387 is a dual preamplifier for the amplification 
of low level signals in applications requiring optimum 
noise performance. Each of the two amplifiers is com- 
pletely independent, with an internal power supply 
decoupler-regulator, providing 110 dB supply rejection 
and 60 dB channel separation. Other outstanding features 
include high gain (104 dB), large output voltage swing 
(V C c - 2V)p-p, and wide power bandwidth (75 kHz, 
20 Vp-p). The LM387A is a selected version of the 
LM387 that has lower noise and can operate on a larger 
supply voltage. The LM387 operates from a single supply 
across the wide range of 9V to 30V, the LM387A 
operates on a supply of 9V to 40V. 

The amplifiers are internally compensated for gains 
greater than 10. The LM387, LM387A is available in an 
8-lead dual-in-line package. The LM387, LM387A is 
biased like the LM381. See AN-64 and AN-104. 


Features 

■ Low noise LM387 

LM387A C 

■ High gain 

■ Single supply operation 

■ Wide supply range LM387 

LM387A 

■ Power supply rejection 


0.8juV total input noise 
0.65 juV total input noise 

104 dB open loop 


9 to 30V 
9 to 40V 


Large output voltage swing (V cc - 2V)p-p 
Wide bandwidth 15 MHz unity gain 
Power bandwidth 75 kHz, 20 Vp-p 
Internally compensated 
Short circuit protected 
Performance similar to LM381 


Schematic and Connection Diagrams 



Dual-1 n-Line Package 



Order Number LM387N 
or LM387AN 
See NS Package N08B 


Typical Applications 


Typical Magnetic Phono Preamplifier 


Flat Gain Circuit (Ay = 1000) 
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Absolute Maximum Ratings 


Supply Voltage 


Operating Temperature Range 

0°C to +70° C 

LM387 

+30V 

Storage Temperature Range 

-65°C to +150°C 

LM387A 

+40V 

Lead Temperature (Soldering, 10 seconds) 

300° C 

Power Dissipation (Note 1) 

660 mW 




Electrical Characteristics T A = 25°C, V cc = 14V, unless otherwise stated. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Voltage Gain 

Open Loop, f = 100 Hz 


160,000 


v/v 

Supply Current 

LM387, V cc 9— 30V, R L = °° 


10 


mA 


LM387A, V cc 9— 40V, R L = 00 


10 


mA 

Input Resistance 






Positive Input 


50 

100 


kn 

Negative Input 



200 


kft 

Input Current 






Negative Input 



0.5 

3.1 

fjiA 

Output Resistance 

Open Loop 


150 


£2 

Output Current 

Source 


8 


mA 


Sink 


2 


mA 

Output Voltage Swing 

Peak-to-Peak 


Vcc~2 


V 

Unity Gain Bandwidth 



15 


MHz 

Large Signal Frequency 

20 Vp-p (V cc >24V), 


75 


kHz 

Response 

THD < 1% 





Maximum Input Voltage 

Linear Operation 



300 

mVrms 

Supply Rejection Ratio 

f = 1 kHz 


110 


dB 

Input Referred 

■ 





Channel Separation 

f = 1 kHz 

40 

60 


dB 

Total Harmonic Distortion 

60 dB Gain, f = 1 kHz 


0.1 

0.5 

% 

Total Equivalent Input 

10-10,000 Hz 





Noise (Flat Gain Circuit) 

LM387 


0.8 

1.2 

/iVrms 


LM387A 


0.65 

0.9 

AiVrms 

Output Noise NAB Tape 

10-10,000 Hz 





Playback Circuit 

Gain of 40 dB 

LM387A 


230 


MVrms 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 187°C/W junction to ambient. 


Typical Applications (Continued) 


Two-Pole Fast Turn-ON NAB Tape Preamplifier 

24V 



Frequency Response of 
NAB Circuit 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


10 
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LM387/LM387A 


Typical Performance Characteristics 

Vcc vs *CC 


< 10 

J> 9 
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. PSRR vs Frequency 
(Input Referred) 
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1 kHz 10 kHz 100kHz 1 MHz 
FREQUENCY (Hz) 


Noise Voltage vs 
Frequency 


Noise Current vs 
Frequency 



£ 

3 


10 100 Ik 10k 

FREQUENCY (Hz) 

Typical Applications (Continued) 


10 100 Ik 10k 

FREQUENCY (Hz) 


Large Signal Frequency 



1kHz 10 kHz 100 kHz 1M 10M 100M 

FREQUENCY (Hz) 


Distortion vs Frequency 
Non-Inverting Amplifier 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


Distortion vs Frequency 
Inverting Amplifier 
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OT National 
mm Semiconductor 


Audio, Radio and TV Circuits 


LM388 1.5 Watt Audio Power Amplifier 

General Description 


The LM388 is an audio amplifier designed for use in 
medium power consumer applications. The gain is 
internally set to 20 to keep external part count low, 
but the addition of an external resistor and capacitor 
between pins 2 and 6 will increase the gain to any value 
up to 200. 

The inputs are ground referenced while the output is 
automatically biased to one half the supply voltage. 

Features 

■ Minimum external parts 

■ Wide supply voltage range 

■ Excellent supply rejection 

■ Ground referenced input 

■ Self-centering output quiescent voltage 


Variable voltage gain 
Low distortion 

Fourteen pin dual-in-line package 
Low voltage operation, 4V 


Applications 


■ AM-FM radio amplifiers 

■ Portable tape player amplifiers 

■ Intercoms 

■ TV sound systems 

■ Lamp drivers 

■ Line drivers 

■ Ultrasonic drivers 

■ Small servo drivers 

■ Power converters 


Equivalent Schematic and Connection Diagram 



Dual-In-Line Package 



Typical Applications 


Order Number LM388N-1, 
LM388N-2 or LM388N-3 
See NS Package N14A 




FIGURE 1. Load Returned to Ground 
(Amplifier with Gain = 20) 


FIGURE 2. Load Returned to Vg 
(Amplifier with Gain = 20) 


M388 



LM388 


Absolute Maximum Ratings 

Supply Voltage 15V 

Supply Voltage (LM388N-3 Only) 22V 

Package Dissipation 14-Pin DIP (Note 1) 8.3W 

Input Voltage ±0.4V 

Storage Temperature , -65°C to +1 50°C 

Operating Temperature 0°C to +70°C 

Junction Temperature 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics t a = 25 °c, (Figure v 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Operating Supply Voltage (V s ) 






LM388 


4 


12 

V 

LM388N-3 


5 


18 

V 

Quiescent Current (l Q ) 

o 

ii 

2 

> 





LM388 

V s - 12V 


16 

23 

mA 

LM388N-3 

V s = 16V 


20 

35 

mA 

Output Power (P 0 utK (Note 2) 

R 1 = R2 = 18012, THD = 10% 





LM388N-1 

V s = 12V, R l = 812 

1.5 

2.2 


W 


V s = 6V, R, = 412) 

0.6 

0.8 


W 


b L >R1 = R2= 18012 





LM388N-2 

V s = 6V, R[_ = 412; 

0.8 

0.9 


W ‘ 

LM388N-3 

V s = 16V, R L = 812 

2.5 

3.8 


W 

Voltage Gain (A v ) 

V s = 12V, f = 1 kHz 

23 

26 

30 

dB 


10juF From Pin 2 to 6 


46 


dB 

Bandwidth (BW) 

V s = 12V, Pins 2 and 6 Open 


300 


kHz 

Total Harmonic Distortion (THD) 

V s = 12V, R l = 80, Pqut = 500 mW, 


0.1 

1 

% 


f = 1 kHz, Pins 2 and 6 Open 





Power Supply Rejection Ratio 

V s = 12V, f = 1 kHz, C BYPASS = lO/iF, 


50 


dB 

(PSRR), (Note 3) 

Pins 2 and 6 Open, Referred to Output 





Input Resistance (R )N ) 


10 

'50 


kO 

Input Bias Current ( 1 bias ) 

Vg = 12V, Pins 7 and 8 Open 


250 


nA 


Note 1 : Pins 3, 4, 5, 10, 1 1, 12 at 25° C. Derate at 15°C/W above 25° C case. 

Note 2: The amplifier should be in high gain for full swing on higher supplies due to input voltage 
Note 3: If load and bypass capacitor are returned to V§ (Figure 2), rather than ground (Figure 1), 

Typical Performance Characteristics 


limitations. 

PSRR is typically 30 dB. 


Maximum Device Dissipation vs 


Quiescent Supply Current vs 


Power Supply Rejection Ratio 
(Referred to the Output) vs 





10 20 30 40 50 60 70 60 90 100 
T a - AMBIENT TEMPERATURE (°C) 

Note: 2 oz. copper foil, single-sided PC board. 


0 4 8 12 16 20 

SUPPLY VOLTAGE (V) 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 
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Typical Performance Characteristics (Continued) 


Peak-to-Peak Output Voltage 
Swing vs Supply Voltage 



0: 4 8 12 16 20 

SUPPLY VOLTAGE (V) 


Voltage Gain vs Frequency 


n 


r 


r 


r 

1 

■ 

■II 

mm 

in 

IIIIIV 

1 


1 



SB 

ss 


i 

■ 
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1 




1 


■ 



\ 



min 

1 




i 


ill 

1 




II 

L 


L 


I 

I 

B 

II 


100 Ik 10k 100k 1 M 

FREQUENCY (Hz) 


Distortion vs Output Power 



0.01 0.1 1.0 10 


POWER OUTPUT (W) 


Device Dissipation vs Output 
Power— 4ft Load 



OUTPUT POWER (W) 


Device Dissipation vs Output 
Power— 1612 Load 



OUTPUT POWER (W) 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


Device Dissipation vs Output 
Power— 812 Load 



OUTPUT POWER (W) 


Application Hints 

Gain Control 

To make the LM388 a more versatile amplifier, two pins 
(2 and 6) are provided for gain control. With pins 2 and 
6 open, the 1.35 k!2 resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 2 to 6, bypassing the 
1.35 k!2 resistor, the gain will go up to 200 (46 dB). If a 
resistor is placed in series with the capacitor, the gain can 
be set to any value from 20 to 200. A low frequency 
pole in the gain response is caused by the capacitor 
working against the external resistor in series with the 
15012 internal resistor. If the capacitor is eliminated and 
a resistor connects pin 2 to 6 then the output dc level 


may shift due to the additional dc gain. Gain control 
can also be done by capacitively coupling a resistor (or 
FET) from pin 6 to ground, as in Figure 7. 

Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain 
and frequency response for individual applications. For 
example, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 6 to 13 (paralleling the internal 
15 k!2 resistor). For 6 dB effective bass boost: R = 


10 
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LM388 


Application Hints (Continued) 

15 k£2, the lowest value for good stable operation is 
R = 10 k£2 if pin 2 is open. If pins 2 and 6 are bypassed 
then R as low as 2 k£2 can be used. This restriction is 
because the amplifier is only compensated for closed- 
loop gains greater than 9 V/V. 

Input Biasing 

The schematic shows that both inputs are biased to 
ground with a 50 k£2 resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 12.5 mV when left open. If thedc source resistance 
driving the LM388 is higher than 250 k£2 it will contri- 
bute very little additional offset (about 2.5 mV at the 
input, 50 mV at the output). If the dc source resistance 
is less than 10 k£7, then shorting the unused input to 
ground will keep the offset low (about 2.5 mV at the 
input, 50 mV at the output). For dc source resistances 
between these values we can eliminate excess offset by 
putting a resistor from the unused input to ground, equal 
in value to the dc source resistance. Of course all offset 
problems are eliminated if the input is capacitively 
coupled. 

When using the LM388 with higher gains (bypassing the 
1.35 k£2 resistor between pins 2 and 6) it is necessary to 
bypass the unused input, preventing degradation of gain 
and possible instabilities. This is done with a O.ljuF 
capacitor or a short to ground depending on the dc 
source resistance on the driven input. 

Bootstrapping 

The base of the output transistor of the LM388 is 
brought out to pin 9 for Bootstrapping. The output 
stage of the amplifier during positive swing is shown in 
Figure 3 with its external circuitry. 

R1 + R2 set the amount of base current available to the 
output transistor. The maximum output current divided 
by Beta is the value required for the current in R1 and 
R2: 


(R1 + R2) = P Q 


(V S /2) — Vbe 
Iq max 


Good design values are V BE = 0.7V and 0 O = 100. 


Example: Iwatt ' nto 8£2 load with V s = 12V. 



To keep the current in R2 constant during positive 
swing capacitor C B is added. As the output swings 
positive C B lifts R1 and R2 above the supply, main- 
taining a constant voltage across R2. To minimize the 
value of C B , R1 = R2. The pole due to C B and R1 and 
R2 is usually set equal to the pole due to the output 
coupling capacitor and the load. This gives: 



Cc 

25 


Example: for 100 Hz pole and R L = 8£2; C c = 200juF 
and C B = 8juF, if R 1 is made a diode and R2 increased 
to give the same current, C B can be decreased by about 
a factor of 4, as in Figure 4. 

For reduced component count the load can replace R1. 
The value of ( R 1 + R2) is the same, so R2 is increased. 
Now C B is both the coupling and the bootstrapping 
capacitor (see Figure 2). 


Typical Applications (Continued) 



FIGURE 3. 


O.ImF 
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V s = 12V R L =8n P 0 =4W 

FIGURE 5. Bridge Amp 



20 SO 100 200 500 Ik 2k 5k 10k 20k 


FREQUENCY (Hz) 

FIGURE 6b. Frequency Response with Bass Boost 



Notel: Twist supply lead and supply ground very tightly. Note 4: R1 Cl band limits input signals. 

Note 2: Twist speaker lead and ground very tightly. Note 5: All components must be spaced very close to 1C. 

Note 3: Ferrite bead is Ferroxcube K5-001 -001 /3B with 3 
turns of wire. 
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National 

Semiconductor 


Audio, Radio and TV Circuits 


LM389 Low Voltage Audio Power Amplifier With NPN 
Transistor Array 


General Description 

The LM389 is an array of three NPN transistors on the 
same substrate with an audio power amplifier similar to 
the LM386. 

The amplifier inputs are ground referenced while the 
output is automatically biased to one half the supply 
voltage. The gain is internally set at 20 to minimize 
external parts, but the addition of an external resistor 
and capacitor between pins 4 and 12 will increase the 
gain to any value up to 200. 

The three transistors have high gain and excellent 
matching characteristics. They are well suited to a wide 
variety of applications in dc through VHF systems. 


Features 

Amplifier 

■* Battery operation 

■ Minimum external parts 

■ Wide supply voltage range 


■ Low quiescent current drain 

■ Voltage gains from 20 to 200 

■ Ground referenced input 

■ Self-centering output quiescent voltage 

■ Low distortion 
Transistors 

■ Operation from IfiA to 25 mA 

■ Frequency range from dc to 100 MHz 

■ Excellent matching 

Applications 

■ AM-FM radios 

■ Portable tape recorders 

■ Intercoms 

■ Toys and games 

■ Walkie-talkies 

■ Portable phonographs 

■ Power converters 
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Absolute Maximum Ratings 

Supply Voltage 15V Collector to Emitter Voltage, Vg^o 

Package Dissipation (Note 1) 715 mW Collector to Base Voltage, Vqbq 

Input Voltage ±0.4V Collector to Substrate Voltage, Vqiq (Note 2) 

Storage Temperature -65°C to +150°C Collector Current, lg 

Operating Temperature 0°C to +70°C Emitter Current, lg 

Junction Temperature 150°C Base Current, lg 

Lead Temperature (Soldering, 10 seconds) 300°C Power Dissipation (Each Transistor) T^ < +70°C 

Electrical Characteristics t a = 2 kc 

12V 

15V 

15V 

25 mA 

25 mA 

5 mA 
150 mW 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

AMPLIFIER 

V s 

Operating Supply Voltage 


4 


12 

V 

*Q 

Quiescent Current 

V s = 6V, V IN = 0V 


6 

12 

mA 

P OUT 

Output Power (Note 3) 

V s = 6V, R, = 80 

THD = 10% S L 

250 

/ 325 


mW 



V S = 9V, R l = 160 


500 


mW 

A v 

Voltage Gain 

V s = 6V, f = 1 kHz 

23 

26 

30 

dB 



10/iF From Pins 4 to 12 


46 


dB 

BW 

Bandwidth 

V s = 6V, Pins 4 and 1 2 Open 


250 


kHz 

THD 

Total Harmonic Distortion 

V s = 6V, R l = 80, P OUT = 125 mW. 


0.2 

3.0 

% 



f = 1 kHz, Pins 4 and 1 2 Open 





PSRR 

Power Supply Rejection Ratio 

V s = 6V, f - 1 kHz, C B ypass = 10pF, 

30 

50 


dB 



Pins 4 and 12 Open, Referred to Output 





, ^ IN 

Input Resistance 


10 

50 


kQ 

'bias 

Input Bias Current 

V s = 6V, Pins 5 and 16 Open 


250 


nA 

TRANSISTORS 

v CEO 

Collector to Emitter 

l c = 1 mA, l B = 0 

12 

20 


V 


Breakdown Voltage 






VcBO - 

Collector to Base 

l c = 10/iA, l E = 0 

15 

40 


V 


Breakdown Voltage 






Vcio 

Collector to Substrate 

l c = IOjuA. I E = I B =0 

15 

40 


V 


Breakdown Voltage 






Vebo 

Emitter to Base 

l E = 10/iA, l c =0 

6.4 

7.1 

7.8 

V 


Breakdown Voltage 






H F e 

Static Forward Current 

l c = 10/iA 


100 




Transfer Ratio (Static Beta) 

l c = 1 mA 

100 

275 





l c = 10 mA • 


275 



^oe 

Open-Circuit Output Admittance 

l c = 1 mA, V CE = 5V, f = 1.0 kHz 


20 


p mho 

V B e 

Base to Emitter Voltage 

l E = 1 mA 


0.7 

0.85 

V 

IVbei“V BE2 I 

Base to Emitter Voltage Offset 

l E = 1 mA 


1 

5 

mV 

VcESAT 

Collector to Emitter 

l c = 10 mA, l s = 1 mA 


0.15 

0.5 

V . 


Saturation Voltage 






c EB 

Emitter to Base Capacitance 

< 

m 

II 

CJ 

< 


1.5 


pF 

C C B 

Collector to Base Capacitance 

< 

o 

co 

ii 

0J 

< 


2 


PF 

C CI 

Collector to Substrate 

< 

o 

II 

00 

< 


3.5 


PF 


Capacitance . 






hfe 

High Frequency Current Gain 

l c = 10 mA, V CE = 5V. f = 100 MHz 

1.5 

5.5 



Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150° C maximum junction temperature and a 

thermal resistance of 175°C/W junction to ambient. 






Note 2: The collector of each transistor is isolated from the substrate by an integral diode. Therefore, the collector voltage should remain positive i 

with respect to pin 17 at all times. 






Note 3: If oscillation exists under some load conditions, add 2.7S7 and 0.05 mF series network from pin 1 to ground. 
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LM389 


Typical Amplifier Performance Characteristics 


Quiescent Supply Current 
vs Supply Voltage 



4 5 6 7 8 9 10 11 12 

SUPPLY VOLTAGE (VOLTS) 


Power Supply Rejection Ratio 
(Referred to the Output) 
vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hr) 


Peak-to-Peak Output Voltage 
Swing vs Supply Voltage 



4 5 6 7 8 9 10 11 12 

SUPPLY VOLTAGE (VOLTS) 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 
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Distortion vs Output Power 
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Device Dissipation vs Output 
Power — 4T2 Load 


Device Dissipation vs Output 
Power — 8JTJ Load 


Device Dissipation vs Output 
Power — 16f2 Load 
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OUTPUT POWER (WATTS) 
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Typical Transistor Performance Characteristics 


Forward Current Transfer Ratio 



COLLECTOR CURRENT (mA) 


Saturation Voltage vs 
Collector Current 



0.01 0.1 1 10 
COLLECTOR CURRENT (mA) 


Open Circuit Output Admittance 
vs Collector Current 
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Typical Transistor Performance Characteristics (Continued) 

Noise Current vs Frequency 



High Frequency Current Gain 
vs Collector Current 
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Application Hints 

Gain Control < 

To make the LM389 a more versatile amplifier, two pins 
(4 and 12) are provided for gain control. With pins 4 and 
12 open, the 1.35 k!2 resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 4 to 12, bypassing the 
1.35 k!2 resistor, the gain will go up to 200 (46 dB). If a 
resistor is placed in series with the capacitor, the gain 
can be set to any value from 20 to 200. A low frequency 
pole in the gain response is caused by the capacitor 
working against the external resistor in series with the 
15012 internal resistor. If the capacitor is eliminated and 
a resistor connects pin 4 to 12, then the output dc level 
may shift due to the additional dc gain. Gain control can 
also be done by capacitively coupling a resistor (or FET) 
from pin 12 to ground. 

Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain and 
frequency response for individual applications. For 
example, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 1 to 12 (paralleling the inter- 
nal 15 k!2 resistor). For 6 dB effective bass boost: 
R = 15 k!2, the lowest value for good stable operation is 
R = 10 k!2 if pin 4 is open. If pins 4 and 12 are bypassed 
then R as low as 2 k!2 can be used. This restriction is 
because the amplifier is only compensated for closed- 
loop gains greater than 9V/V. 

Input Biasing 

The schematic shows that both inputs are biased to 
ground with a 50 k!2 resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 12.5 mV when left open. If the dc source resis- 


tance driving the LM389 is higher than 250 k!2 it will 
contribute very little additional offset (about 2.5 mV at 
the input, 50 mV at the output). If the dc source resis- 
tance is less than 10 k!2, then shorting the unused input 
to ground will keep the offset low (about 2.5 mV at the 
input, 50 mV at the output). For dc source resistances 
between these values we can eliminate excess offset by 
putting a resistor from the unused input to ground, equal 
in value to the dc source resistance. Of course all offset 
problems are eliminated if the input is capacitively 
coupled. 

When using the LM389 with higher gains (bypassing the 
1.35 k!2 resistor between pins 4 and 12) it, is necessary 
to bypass the unused input, preventing degradation of 
gain and possible instabilities. This is done with a 0.1/iF 
capacitor or a short to ground depending on the dc 
source resistance of the driven input. 

Supplies and Grounds 

The LM389 has excellent supply rejection and does not 
require a well regulated supply. However, to eliminate 
possible high freqiiency stability problems, the supply 
should be decoupled to ground with a O.l^tF capacitor. 
The high current ground of the output transistor, pin 18, 
is brought out separately from small signal ground, 
pin 17. If the two ground leads are returned separately 
to supply then the parasitic resistance in the power 
ground lead will not cause stability problems. The para- 
sitic resistance in the signal ground can cause stability 
problems and it should be minimized. Care should also 
be taken to insure that the power dissipation does not 


10 


10-47 


LM389 



LM389 


Application Hints (Continued) 

exceed the maximum dissipation of the package for a 
given temperature. There are two ways to mute the 
LM389 amplifier. Shorting pin 3 to the supply voltage, 
or shorting pin 12 to ground will turn the amplifier off 
without affecting the input signal. 

Transistors 

The three transistors on the LM389 are general purpose 
devices that can be used the same as other small signal 
transistors. As long as the currents and voltages are kept 
within the absolute maximum limitations, and the 
collectors are never at a negative potential with respect 
to pin 17, there is no limit on the way they can be used. 


For example, the emitter-base breakdown voltage of 
7.1V can be used as a zener diode at currents from 
1/iA to 5 mA. These transistors make good LED driver 
devices, V SAT is only 150 mV when sinking 10 mA. 

In the linear region, these transistors have been used in 
AM and FM radios, tape recorders, phonographs, and 
many other applications. Using the characteristic curves 
on noise voltage and noise current, the level of the 
collector current can be set to optimize noise perfor- 
mance for a given source impedance. Some of the cir- 
cuits that have been built are shown in Figures 1—7. 
This is by no means a complete list of applications, 
since that is limited only by the designers imagination. 



FIGURE 1. AM Radio 


O.OOlpF 



FIGURE 2. Tape Recorder 
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National 

Semiconductor 


Audio, Radio and TV Circuits 


LM390 1 Watt Battery Operated Audio Power Amplifier 


General Description 

The LM390 Power Audio Amplifier is optimized for 
6V, 7.5V, 9V operation into low impedance loads. The 
gain is internally set at 20 to keep the external part 
count low, but the addition of an external resistor and 
capacitor between pins 2 and 6 will increase the gain to 
any value up to 200. The inputs are ground referenced 
while the output is automatically biased to one half 
the supply voltage. 

Features 

■ Battery operation 

■ 1W output power 

■ Minimum external parts / 

)■ Excellent supply rejection 

Ground referenced input 

■ Self-centering output quiescent voltage 


■ Variable voltage gain 

■ Low distortion 

■ Fourteen pin dual-in-line package 

Applications 

■ AM-FM radio amplifiers 

■ Portable tape player amplifiers 

■ Intercoms 

■ TV sound systems 

■ Lamp drivers 

■ Line drivers 

■ , Ultrasonic drivers 

■ Small servo drivers 

■ Power converters 


Equivalent Schematic and Connection Diagrams 


14 



Dual-In-Line Package 



Order Number LM390N 
See NS Package N14A 


Typical Applications 

6V 



6 V 



FIGURE 1. Load Returned to Ground 
(Amplifier with Gain = 20) 


FIGURE 2. Load Returned to Supply 
(Amplifier with Gain = 20) 
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Absolute Maximum Ratings (Note 1) 

10V 
8.3W 
±G.4V 
— 65°C to +150°C 
0°C to +70°C 
150°C 
300°C 


Electrical Characteristics t a = 25 °c, t Figure v 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V s 

Operating Supply Voltage 


4 


9 


•q 

Quiescent Current 

V s = 6V, V IN = 0 


10 

20 


P OUT 

Output Power 

V s = 6V, R L = 4ft, THD = 10%, (Note 2) 

0.8 

1.0 



Ay 

Voltage Gain 

V s = 6V, f = 1 kHz 

23 

26 

30 




10pF from Pin 2 to 6 


46 



BW 

Bandwidth 

V s = 6V, Pins 2 and 6 Open 




kHz 

THD 

Total Harmonic Distortion 

' V s = 6V, R l = 4ft, Pqut = 500 mW 
f = 1 kHz, Pins 2 and 6 Open 


0.2 

1 

% 

PSRR 

Power Supply Rejection Ratio 

V s = 6V, f = 1 kHz, C BY p AS s = 10/iF, 

Pins 2 and 6 Open, Referred to Output 

(Note 3) 


50 


dB 

Rim 

Input Resistance 


10 

50 


kft 

'bias 

Input Bias Current 

V s = 6V, Pins 7 and 8 Open 


250 


nA 


Note 1 : Pins 3, 4, 5, 1 0, 1 1 , 1 2 at 25°C. Derate at 1 5°C/W above 25°C case. 

Note 2: If oscillation exists under some load conditions, add 2.7 FI and 0.05juF series network from pin 13 to ground. 

Note 3: If load and bypass capacitor are returned to Vs (Figure 2), rather than ground (Figure 1), PSRR is typically 30 dB. 


Supply Voltage 

Package Dissipation 14-Pin DIP 

Input Voltage 

Storage Temperature 

Operating Temperature 

Junction Temperature 

Lead Temperature (Soldering, 10 seconds) 


Typical Performance Characteristics 


i 


Maximum Device Dissipation 



0 10 20 30 40 50 60 70 80 90 100 


T a - AMBIENT TEMPERATURE fC) 

Note: 2 oz. copper foil, single-sided PC board. 



Peak-to-Peak Output Voltage 



4 5 6 7 8 0 

SUPPLY VOLTAGE (V) 


Quiescent Supply Current vs 



4 5’ 6 7 8 9 

SUPPLY VOLTAGE (V) 


Voltage Gain vs Frequency 



Power Supply Rejection Ratio 
(Referred to the Output) vs 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Distortion vs Frequency 
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Typical Performance Characteristics (Continued) 



0.01 0.03 0 06 0.1 0.3 0.6 1.0 

POWER OUTPUT (W) 


Device Dissipation vs 
Output Power 4f2 Load 



OUTPUT POWER (W) 


Device Dissipation vs 
Output Power 8S2 Load 



Application Hints 

Gain Control 

To make the LM390 a more versatile amplifier, two pins 
(2 and 6) are provided for gain control. With pins 2 and 
6 open, the 1.35 resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 2 to 6, bypassing the 
1.35 kT2 resistor, the gain will go up to 200 (46 dB). If a 
resistor is placed in series with the capacitor, the gain can 
be set to any value from 20 to 200. A low frequency 
pole in the gain response is caused by the capacitor 
working against the external resistor in series with the 
150ft internal resistor. If the capacitor is eliminated and 
a resistor connects pin 2 to 6 then the output dc level 
may shift due to the additional dc gain. Gain control 
can also be done by capacitively coupling a resistor (or 
FET) from pin 6 to ground, as in Figure 7. 


Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain 
and frequency response for individual applications. For 
example, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 6 to 13 (paralleling the internal 
15 kft resistor). For 6 dB effective bass boost: R = 
15 kft, the lowest value for good stable operation is 
R = 10 kft if pin 2 is open. If pins 2 and 6 are bypassed 
then R as low as 2 kft can be used. This restriction is 
because the amplifier is only compensated for closed- 
loop gains greater than 9 V/V. 

Typical Applications (Continued) 


Input Biasing 

The schematic shows that both inputs are biased to 
ground with a 50 kft resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 12.5 mV when left open. If the dc source resistance 
driving the LM390 is higher than 250 kft it will contri- 
bute very little additional offset (about 2.5 mV at the 
input, 50 mV at the output). If the dc source resistance 
is. less than 10 kft, then shorting the unused input to 
ground will keep the offset low (about 2.5 mV at the 
input, 50 mV at the output). For dc source resistances 
between these values we can eliminate excess offset by 
putting a resistor from the unused input to ground, equal 
in value to the dc source resistance. Of course all offset 
problems are eliminated if the input is capacitively 
coupled. 

When using the LM390 with higher gains (bypassing the 
1.35 kft resistor between pins 2 and 6) it is necessary to 
bypass the unused input, preventing degradation of gain 
and possible instabilities. This is done with a O.ljuF 
capacitor or a short to ground depending on the dc 
source resistance on the driven input. 

Bootstrapping 

The base of the output transistor of the LM390 is 
brought out to pin 9 for Bootstrapping. The output 
stage of the amplifier during positive swing is shown in 
Figure 3 with its external circuitry. 
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Application Hints (Continued) 


R1 + R2 set the amount of base current available to the 
output transistor. The maximum output current divided 
by Beta is the value required for the current in R1 and 
R2: 


(R1 + R2) = Po 


(V s /2) - V BE 


f O MAX 


To keep the current in R2 constant during positive 
swing capacitor C B is added. As the output swings 
positive C B lifts R1 and R2 above the supply, main- 
taining a constant voltage across R2. To minimize the 
value of C B , R1 = R2. The pole due to C B and R1 and 
R2 is usually set equal to the pole due to the output 
coupling capacitor and the load. This gives: 


Good design values are V BE = 0.7V and |3 0 = 100. 
Example 0.8 W att ' nto 4£2 load with V s = 6V. 



/ (6/2) - 0.7\ 

(R1 + R2) = 100 = 364Q 

\ 0.632 / 



Example: for 100 Hz pole and R L = 4£2; C c = 400/uF 
and C B = 16juF, if R1 is made a diode and R2 increased 
to give the same current, C B can be decreased by about 
a factor of 4, as in Figure 4. 

For reduced component count the load can replace R1. 
The value of (R1 + R2) is the same, so R2 is increased. 
Now C B is both the coupling and the bootstrapping 
capacitor (see Figure 2). 


Typical Applications (Continued) 


O.ljuF 



FIGURE 4. Amplifier with Gain = 200 and Minimum Cg 


6V 



10-54 




Typical Applications (Continued) 


v s 



FIGURE 7. Intercom 



FIGURE 8. AM Radio Power Amplifier 


Note 1 : Twist supply lead and supply ground very tightly. Note 4: R1 Cl band limits input signals. 

Note 2: Twist speaker lead and ground very tightly. Note 5: All components must be spaced very close to 1C. 

Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3 
turns of wire. 
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National 

Semiconductor 


Audio, Radio and TV Circuits 


LM391 Audio Power Driver 


General Description 


The LM391 audio power driver is designed to drive 
external power transistors in 10 to 100 watt power 
amplifier designs. High power supply voltage operation 
and true high fidelity performance distinguish this 1C. 
The LM391 is internally protected for output faults and 
thermal overloads; circuitry providing output transistor 
protection is user programmable. 


Features 

■ High Supply Voltage 

■ Low Distortion 

■ Low Input Noise 

■ High Supply Rejection 


±30, ±40, or ±50V max 
0 . 01 % 
3/ uV 
90 dB 


Gain and Bandwidth Selectable 
Dual Slope SOA Protection 
Shutdown Pin - 


Equivalent Schematic and Connection Diagram 



8 OUTPUT SOURCE 


Dual-In-Line Package 



Order Number LM391N-60, LM391N-80 
LM391N-100 
See NS Package N16A 
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Absolute Maximum Ratings 


Supply Voltage 
LM391N -60 
LM391N -80 
LM391N - 100 
Input Voltage 


±30 V or +60 V 
±40 V or +80 V 
±50 V or +100 V 
Supply Voltage less 5 V 


Shutdown Current {Pin 14) 
Package Dissipation (Note 1) 
Storage Temperature 
Operating Temperature 


Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics Ta = 25°C (The following are for V + = 90% Vmax and V- 90% Vmax.) 


1 mA 
1.39 W 
-65°C to +150°C 
0°C to +70°C 
+300°C 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Quiescent Current 

current in pin 15 





LM391N -60 

V|N = 0 


3 

10 

mA 

LM391N -80 



4 

8 

mA 

LM391N - 100 



5 

6 

mA 

Output Swing 

positive 

V + - 7 

V + - 5 


V 


negative 

V+7 

V" + 5 


V 

Drive Current 

source (pin 8) 

5 



mA 


sink (pin 5) 

5 



mA 

Noise (20 -20 kHz) 

input referred 


3 


A/V 

Supply Rejection 

input referred 

70 

90 


dB 

Total Harmonic Distortion 

f = 1 kHz 


0.01 


% 


f = 20 kHz 


0.10 

0.25 

% 

Intermodulation Distortion 

60 Hz, 7 kHz, 4:1 


0.01 


% 

Open Loop Gain 

f = 1 kHz 

1000 

5500 


V/V 

Input Bias Current 



0.1 

1.0 

H A 

Input Offset Voltage 



5 

20 

mV 

Positive Current Limit VgE 

pin 10-9 


650 


mV 

Negative Current Limit VbE 

pin 9-13 


650 


mV 

Positive Current Limit Bias Current 

pin 10 


10 

100 

liA 1 

Negative Current Limit Bias Current 

pin 13 


10 

100 



Pin 14 Current Comments 

Minimum pin 14 current required for shutdown is 0.5 mA, and must not exceed 1 mA. 
Maximum pin 14 current for amplifier not shut down is 0.05 mA. 

The typical shutdown switch point current is 0.2 mA. 


Note 1 : For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction t 
ture and a thermal resistance of 90°C/W junction to ambient. 



Figure 1. LM391 with External Components — Protection Circuitry Not Shown 
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GAIN (DECIBELS) OUTPUT POWER - NOT CLIPPING (WATTS) 


Typical Performance Characteristics 


Output Power vs Supply Voltage 



±20 ±30 ±4 

SUPPLY VOLTAGE (VOLTS) 


Total Harmonic Distortion vs 
Frequency ( R|_ = 8ft ) 


iSESi 


20 50 100200 500 Ik 2k 5k 10k 20k 

FREQUENCY (HERTZ) 


Total Harmonic Distortion vs 
Frequency ( Rl = 4ft ) 


muuwA 

mumm 

luuwm 

i«i 


20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (HERTZ) 


Open Loop Gain vs Frequency 



100 Ik 10k 100k If 

FREQUENCY (HERTZ) 


Input Referred Power Supply 
Rejection vs Frequency 


■■msam 

■■■■ 

■■■■■ 


■■■■■ 

■■■■IfiKSKS 

■■■■ 

■KKH 

■■■■ 

MM 

■■■■ 


■■■■ 

■■■■a 




20 50 100 200 500 Ik 2k 5k 10k 20k 

Cr = Cc FREQUENCY (HERTZ) 


Total Harmonic Distortion vs 
AB Bias Current 


5 10 15 20 25 30 35 40 45 50 
AB BIAS CURRENT (MILLIAMPS) 


Pin Descriptions 


+ Input 

- Input 
Compensation 
Ripple Filter 
Sink Output 
BIAS 

BIAS 

Source Output 
Output Sense 
+ Current Limit 
+ SOA Diode 

- SOA Diode 

- Current Limit 
Shutdown 

v + 

V 


Audio input 

Feedback input 

Sets the dominant pole 

Improves negative supply rejection 

Drives output devices and is emitter of AB bias Vbe multiplier 
Base of Vbe multiplier 
Collector of Vbe multiplier 
Drives output devices 

Biases the 1C and is used in protection circuits 
Base of positive side protection circuit transistor 
Diode used for dual slope SOA protection 
Diode used for dual slope SOA protection 
Base of negative side protection circuit transistor 
Shuts off amplifier when current is pulled out of pin 
Positive supply 
Negative supply 





External Components (figure 1) 


Component Typical Value 
C|N 


Input coupling capacitor sets a low frequency pole with R | N - 

r L - — - — 

2ttR|nC|n 


Rin 

100k 

Sets input impedance and DC bias to input. 

Rf 2 

100k 

Feedback resistor; for minimum offset voltage at the output this should be equal 
to R | M - 

Rfi 

5.1k 

Feedback resistor that works with Rf 2 to set the voltage gain. 

Rf 2 

A V = 1 + — - 

R n 

Cf 

IOjuF 

Feedback capacitor. This reduces the gain to unity at DC for minimum offset 
voltage at the output. Also sets a low frequency pole with Rf-j. 

f L = \ 

2tt Rf t Cf 

Cc 

5 pF 

Compensation capacitor. Sets gain bandwidth product and a high frequency pole. 

1 GBW 

GBW ~ , f h “ 

2tt5000Cc Av 

Max fh for stable design ~ 500 kHz. 

Ra 

3.9k 

AB bias resistor. 

r b 

10k 

AB bias potentiometer. Adjust to set bias current in the output stage. 

Cab 

0.1 juF 

Bypass capacitor for bias. This improves high frequency distortion and transient 
response. 

Cr 

5 pF 

Ripple capacitor. This improves negative supply rejection at midband and high 
frequencies. Cr, if used, must equal Cq. 

Reb 

ioon 

Bleed resistor. This removes stored charge in output transistors. 

Ro 

2.7 £2 

Output compensation resistor. This resistor and Co compensate the output 
stage. This value will vary slightly -for different output devices. 

Co 

0.1 /uF 

Output compensation capacitor. This works with Ro to form a zero that cancels 
fp of the output power transistors. 

Re 

0.3 n 

Emitter degeneration resistor. This resistor gives thermal stability to the output 
stage quiescent current. 1 RC PW5 type. 

Rth 

39k 

Shutdown resistor. Sets the amount of current pulled out of pin 14 during 
shutdown. 

C.2* C' 2 

1000 pF 

Compensation capacitors for protection circuitry. 

X L 

10S7 || 5/iH 

Used to isolate capacitive loads, usually 20 turns of wire wrapped around a 10 £2, 
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Application Hints 

GENERALIZED AUDIO POWER AMP DESIGN 

Givens: Power Output 

Load Impedance 
Input Sensitivity 
Input Impedance 
Bandwidth 

The power output and load impedance determine the 
power supply requirements. Output signal swing and 
current are found from: 

VOpeak = %/2 RlP0 (D 


( 2 ) 

Add 5 volts to the peak output swing (Vqp) for transis- 
tor voltage to get the supplies, i.e., ±(VqP + 5 V) at a 
current of Ipeak-^he regulation of the supply determines 
the unloaded voltage, usually about 15% higher. Supply 
voltage will also rise 10% during high line conditions. 

max supplies % ±{Vo pe ak + 5) ( 1 + regulation) (1 .1) (3) 



The input sensitivity and output power specs determine 
the required gain. 

%> VPqRl _ VQRMS . (4) 

V|N v INRMS 

Normally the gain is set between 20 and 200; for a 25 
watt, 8 ohm amplifier this results in a sensitivity of 
710 mV and 71 mV, respectively. The higher the gain, 
the higher the THD, as can be seen from the character- 
istics curves. Higher gain also results in more hum and 
noise at the output. • 

The desired input impedance is set by R||\|. Very high 
values can cause board layout problems and DC offsets 
at the output. The bandwidth requirements determine 
the size of Cf and Cc as indicated in the external 
component listing. 

The output transistors and drivers must have a breakdown 
voltage greater than the voltage determined by equation 
(3). The current gain of the driver and output device 
must be high enough to supply lopeak with 5 mA of 
drive from the LM391. The power transistors must be 
able to dissipate approximately 40% of the maximum 
output power; the drivers must dissipate this amount 
divided by the current gain of the outputs. See the 
output transistor selection guide, table A. 


To prevent thermal runaway of the AB bias current the 
following equation must be valid: 


Re(/?min + D 
vceqmaxW 


(5) 


where: 

0JA is the thermal resistance of the driver transistor, 
junction to ambient, in °C/W. 

Rg is the emitter degeneration resistance in ohms. 
j3 m j n is that of the output transistor. 

V CEQMAX is the h| 9 hest possible value of one 
supply from equation (3). 

K is the temperature coefficient of the driver base- 
emitter voltage, typically 2 mV/°C. 

Often the value of Re is to be determined and equation 
(5) is rearranged to be: 

0JA<VcEQMAX> k (6) 

r e > 

0MIN + 1 


The maximum average power dissipation in each output 
transistor is: 

p DMAX = °- 4P OMAX (?) 

The power dissipation in the driver transistor is: 

— p dmax 

p DRIVER(MAX) =— ; (8) 

0MIN 

Heat sink requirements are found using the following, 
formulas: 

a TJMAX “ t AMAX 

* JA< pT” (9) 

0SA<0JA-0JC-0CS (10) 

where: 

T]max ' s maximum transistor junction temperature. 
TamaX ' s maximum ambient temperature. 

0JA »s thermal resistance junction to ambient. 

$SA 1S thermal resistance sink to ambient. 

0JC is thermal resistance junction to case. 

6 CS * s thermal resistance case to sink, typically 
1°C/W for most mountings. 
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Application Hints (Continued) 

PROTECTION CIRCUITRY 

The protection circuits of the LM391 are very flexible 
and should be tailored to the output transistor's safe 
operating area. The protection V-l characteristics, 
circuitry, and resistor formulas are described below. The 
diodes from the output to each supply prevent the 
output voltage from exceeding the supplies and harming 
the output transistors. The output will do this if the 
protection circuitry is activated while driving an 
inductive load. 

TURN-ON DELAY 

It is often desirable to delay the turn-ON of the power 
amplifier so turn-ON pops in the preamplifier do not go 
to the speakers. 

This is easily implemented by putting a resistor in series 
with a capacitor from pin 14 to ground. The value of 


the resistor is set to limit the current to less than 1 mA 
(the absolute maximum). This resistor with the capacitor 
gives a time constant of RC. The turn-ON delay is 
approximately 2 time constants. 

Example: 

Amplifier with maximum supply of 30V, like the 
20 W, 8f2 example in the data sheet, requiring a delay 
of 1 second. 

Time delay = 2 RC 
Max V + 

R = 

1 mA 

So: 

R = 30k. Solving for C gives 16.7 /jlF . Use C = 20 /iF 
with a 30V rating. 




0 Vb Vm 


VCE 


Protection Circuitry with External Components 


Protection Characteristics 


Protection Circuit Resistor Formulas (Vb = V + ) 


Type of Protection 

r E' r E 

R 1, 

R£, R2 

r 3» r 3 

Current Limit 

0 

RE= IL 

Not Required 

Short 

t 

Not Required 

Single Slope SOA 
Protection 

0 

' n /V M - 0 X 

R 1 = R 2( , ) 

1 kfl 

Not Required 

Dual Slope SOA 
Protection 
(V B = V+) 

0 

RE T'l 


1 k n 

R 3 =R 2 

r v + ,1 

Rl R2 V 0 ) 

JL Re - 0 J 


Note: <p is the current limit Vgg voltage, 650 mV. Assumptions: V + » <p, Vm » <j>. V + is the load supply voltage. Vjy) is the 
maximum rated V0jr of the output transistors. 
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Application Hints (Continued) 

TRANSIENT INTERMODULATION DISTORTION 

There has been a lot of interest in recent years about 
transient intermodulation distortion. Matti Otala of 
University, of Oulu, Oulu, Finland has published several, 
papers on the subject. The results of these investigations 
show that the open loop pole of the power amplifier 
should be above 20 kHz. 

To do this with the LM391 is easy. Put a 1 resistor 
from pin 3 to the output and the open loop gain^ is 
reduced to about 46 dB. Now the open loop pole is at 
30 kHz. The current in this resistor causes an offset in 
the input stage that can be cancelled with a resistor from 
pin 4 to ground. The resistor from pin 4 to ground 
should be 910 k£7 rather than 1 M£2 to insure that the 
shutdown circuitry will operate correctly. The slight 
difference in resistors results in about 15 mV of offset. 
The 40 W, 8 £T amplifier schematic shows the hookup of 
these two resistors. 


BRIDGE AMPLIFIER 

A switch can be added to convert a stereo amplifier to a 
single bridge amplifier. The diagram below shows where 
the switch and one resistor are added. When operating 
in the bridge mode the output load is connected 
between the two outputs, the input is V|[\j #1, and 
V||\| #2 is disconnected. • * 


Typical Applications (Continued) 


OSCILLATIONS & GROUNDING 

Most power amplifiers work the first time they are 
turned on. They also tend to oscillate and have excess 
THD. Most oscillation problems are due to inadequate 
supply bypassing and/or ground loops. A IOjuF, 50 V 
electrolytic on each power supply will stop supply- 
related oscillations. However, if the signal ground is used 
for these bypass caps the THD is. usually excessive. The 
signal ground must return to the power supply alone, as 
must the output load ground. All other grounds — 
bypass, output R-C, protection, etc., can tie together 
and then return to supply. This ground is called high 
frequency ground. On the 40W amplifier schematic all 
the grounds are labeled. , 1 

Capacitive loads can cause instabilities, so they are 
isolated from the amplifier with an inductor and resistor 
in the output lead. 

AB BIAS CURRENT 

To reduce distortion in the output stage, all the tran- 
sistors are biased ON slightly. This results in class AB 
operation and reduces the crossover (notch) distortion 
of the. class B stage to a low level, (see the curve on page 
10-70). The potentiometer, Rb, from pins 6-7 is ad- 
justed to give about 25 mA of current in the output 
stage. This current is usually monitored at the supply 
or by measuring the voltage across Re- 



Output Transistors Selection Guide 


Table A. 


Output Power 

Driver Transistor 

i 

Output Transistor 

PNP 

NPN 

PNP 

NPN 

20W@8£2 

30W @ 4 £2 

BD344 

BD345 

BD346 

BD347 

40W @ 8 £2 
60W@4H • 

BD348 

BD349 

BD350 

BD351 
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Application Hints (Continued) 

A 20 W, 8 n; 30 W, 4 ft AMPLIFIER Solving for C f : 


Givens: 

Power output 


Input Sensitivity 
Input Impedance 
Bandwidth 


20 W into 8 ft 
30 W into 4 ft 

1 V rrfax 
100k 

20 Hz - 20 kHz ± 0.25 dB 


Cf > = 7.8/iF; use 10,uF 

2tt R f i f L 

The recommended value for Cc is 5pF for gains of 20 
or larger. This gives a gain-bandwidth product of 6.4 MHz 
and a resulting bandwidth of 320 kHz, better than 
required. 


Equations (1) and (2) give: 

20W/8ft V 0 R= 17.9 V l 0 p = 2.24A 

30W/4ft V 0P = 15.5 V l 0 P = 3.87A 

Therefore the supply required is: 

±23 V 2.24 A, reducing tp . . . 

±21 V@ 3.87 A 

With 15% regulation and high line we get ±29 V from 
equation (3). 

Sensitivity and equation (4) set minimum gain: 




12.65 


The breakdown voltage requirement is set by the maxi- 
mum supply; we need a minimum of 58 V and will use 
60 V. We must now select a 60 V power transistor with 
reasonable beta at l()peak» 3.87 A. The National BD346, 
BD347 complementary pair are 60V, 60W transistors 
with a minimum beta of 30 at 4 A. The driver transistor 
must supply the base drive given 5mA drive from the 
LM391. The National BD344, BD345 complementary 
driver transistors are 60 V devices with a minimum beta 
of 40 at 200 mA. The driver transistors should be much 
faster (higher fj) than the output transistors to insure 
that the R-C on the output will prevent instability. 

To find the heat sink required for each output transistor 
we use equations (7), (9), and (10): 

Pq = 0.4(30) = 12 W (7) 


We will use a gain of 20 with resulting sensitivity of 
632 mV. 

Letting R||\j equal 100k gives the required input imped- 
ance. For low DC offsets at the output we let Rf2 = 
100k. Solving for Rff gives: 

Rf 2 = 100k 

Rf i =- QQk -= 5.26k; use 5.1k 
1 20-1 

The bandwidth requirement must be stated as a pole, 
i.e., the 3dB frequency. Five times away from a pole 
gives 0.1 7 dB down, which is better than the required 
0.25 dB. Therefore: 


OjA < 150 - P 55 C = 7.9°C/W for T AM AX = 55°C < 9 > 
flSA<7.9-2.1 - 1.0 = 4.8°C/W (10) 


If both transistors are mounted on one heat sink the 
thermal resistance should be halved to 2.4°C/W. 

The maximum average power dissipation in each driver 
is found using equation (8): 

— 12 

PDRI VER(MAX) = — = 400 mW 



fh = 20kx5 = 100 kHz 


Using equation (9): 

0 JA < 1 55- 55 = 237 ° c/w 
0.4 
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Application Hints (Continued) 

Since the free air thermal resistance of the National 
BD344, BD345 is 100°C/W, no heat sink is required. 
Using this information and equation (6) we can find the 
minimum value of Re required to prevent thermal 
runaway. 


The data points from the curve are:. 

,Vm = 60V, V B = 23V, Il = 3A, l[_ = 7A 


100(30) (0.002) 


We must now use the SOA data on the National BD346, 
BD347 transistors to set up the protection circuit. 
Below is the SOA curve with the 4 £2 and 8 £2 load lines. 
Also shown are the desired protection lines. Note the 
value of Vb is equal to the supply voltage, so we use the 
formulas in the table. 


D.C. SOA of BD346,BD347 
Transistors 



20 30 40 50 60 


Using the dual slope protection formulas: 

r e = °^.= 0.22£2 

3 


Rl , 1 k( g o z Mg )w91k 

0.65 


R 3 = Ik (- 1 ) « 24k 

7(0.22) -0.65 

Note that an Re of 0.22 £2 satisfies equation (6). The 
final schematic of this amplifier is below. If the output is 
shorted the current will be 1.8 A and VcE is 23 V. Since 
the input is AC, the average power is: 

short Pd *= Ml. 8) (23) ~ 21 W 


This power is greater than was used in the heat sink 
calculations, so the transistors will overheat for long- 
duration. shorts unless a larger heat sink is used. 


Typical Applications (Continued) 



25 TURNS OF 
NO. 20 WIRE ON 
10 12-2 W 
RESISTOR 


20 W-8 £2, 30W-4 £2 Amplifier with 1 Second Turn-ON Delay 
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Application Hints (Continued) 

A40W/8S2, 60W/4J2 AMPLIFIER 

Given:. 

Power Output 40W/8S2 

60W/4S2 

Input Sensitivity 1 V max 

Input Impedance 100k 

Bandwidth 20 Hz - 20 kHz ± 0.25 dB 

Equations (1) and (2) give: 

40W/812 Vopeak = 25.3 V l0peak = 3.16A 

60W/4 £2 V 0 peak = 21.9 V lo P eak = 5.48A 

Therefore the supply required is: 

±30.3 V @ 3. 1 6 A, reducing to . . . 

±26.9 V@ 5.48 A 

With 15% regulation and high line we get ±38.3 V using 
equation (3). 

The minimum gain from equation (4) is: 

Av>18 

We select a gain of 20; resulting sensitivity fs 900 mV. 

The input impedance and bandwidth are the same as the 
20 watt amplifier so the components are the same. 

Rf1=5.1k R||\j = 100k Cc = 5pF 

Rf 2 = 100k Cf = IOjuF 

The maximum supplies dictate using 80 V devices. The 
National BD350, BD351 pair are 80 V, 160 W transistors 
with a minimum beta of 40 at 2 A and 20 at 6 A. This 
corresponds to a minimum beta of 22.5 at 5.5 A Oopeak)- 
The National BD348, BD349 driver pair are 80 V transis- 
tors with a minimum beta of 50 at 250 mA. This output 
combination guarantees lOpeak with 5mA from the 
LM391 . 

Output transistor heat sink requirements are found using 
equations (7), (9), and (10): 

PD= 0.4 (60) = 24W (7) 

gjA <- °° 2 ~ 55 - 6.0°C/W for Tam AX = 55 ° c < 9 > 

0SA<6-O-1.1-1-O = 3.9°C/W (10) 

For both output transistors on one heat sink the thermal 
resistance should be 1.9°C/W. 

Now using equation (8) we find the power dissipation 
in the driver: 


PDRIVER =1^-= 1-2W 

(8) 

0JA < 150 ' 55 - 79°C/W 

1 O 

(9) 


Since a heat sink is required, on the driver, we should 
investigate the output stage thermal stability at the same 
time to optimize the design. If we find a value of Re 
that is good for the protection circuitry, we can then use 
equation (5) to find the heat sink required for the 
drivers. 


The SOA characteristics of the National BD350, BD351 
transistors are shown in the following curve along with a 
desired protection line. 



0 10 20 30 40 50 60 70 80 

VcE (VOLTS) 


The desired data points are: 

Vjvi = 80 V Vb = 47V l|_ = 3A r L =11A 

Since the break voltage is not equal to the supply, we 
will use two resistors to replace R3 and move Vb- 



Thevenin Equivalent 


10 
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Application Hints (Continued) 

The formulas for Re, Rl, and R2 do not change: 

RE = °^L=o.22n 

O A 


R2= Ik 


R-j = Ik 


80-0.65 

0.65 


= 120k 


The formula for R3 now gives Rjh when the V + in the 
formula becomes Vg- 

R T H = R2 


= Ik 


Vjh is the additional voltage < added to the supply 
voltage to get Vg. 

VTH = -(Vb - V + ) = -(47 - 30) = -17 V 
A B 

Now we must find Rg and Rg using the Thevinen 
formulas. Putting Vjh, V“, and Rjh into the appro- 
priate formulas reduces to: 

r| = 0.76R^ and 25.55k = R^ || r| 


V B 


IL Re - 0 
47 


-- 1 


1 1 (0.22) - 0 


1 = 25.55k 

.65 


The easiest way to solve these equations is to iterate 
with standard values. If we guess Rg = 62k, then Rg = 
47.12k; use 47k. The Thevin impedance comes out 
26.7k, which is close enough to 25.55k. 

Now we will use equation (5) to determine the heat 
sinking requirements of the drivers to insure thermal 
stability: 


a .0.22(20+ 1) 

0JA < 

40(0.002) 


57°C/W 


(5) 


This value is lower than we got with equation (9), so we 
will use it in equation (10): 

0SA<57-6-1 = 5O°C/W (10) 

This is the required heat sink for each driver. For low 
TIM we add the 1 MS] resistor from pin 3 to the output 
and a 910k resistor from pin 4 to ground. The complete 
schematic is on page 11. 

If the output is shorted, the transistor voltage is about 
28 V and the current is 5 A. Therefore the average power 
is: 


short Pp = % (28) 5 = 70. W 


This is much larger than the power used to calculate the 
heat sinks and the output transistors will overheat if the 
output is shorted too long. 


Typical Applications (Continued) 



40W-8 £2, 60W-4S2 Amplifier 
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LM1011, LM1011A Dolby B-Type 
Noise Reduction Processor 


General Description 


The LM101 1, LM1011A are monolithic integrated 
circuits specifically designed to realize the Dolby B-type 
noise reduction system. It is a replacement for the 
Signetics NE545B, but with several improved features. 


Features 

■ Reduced distortion at high frequencies and high signal 
levels 

■ Improved transient stability with signal bursts 

■ Wide operating voltage range 

■ Low supply current 


Available only to licensees of Dolby Laboratories Licensing Corporation, San Francisco, from whom licensing and application informa- 
tion must be obtained. 

'Dolby' and the double-D symbol are trademarks of Dolby Laboratories Inc. 


Connection Diagram 


Dual-In-Line Package 


VARIABLE IMPEDANCE J_ 
INPUT 
AMPLIFIER 
INPUT 


AMPLIFIER A_5_ 
INPUT 

AMPLIFIER A Jj. 
OUTPUT 

AMPLIFIER EKJJ. 
OUTPUT 



Order Number LM1011N or LM1011AN 
See NS Package N16A 


Test Circuit (Encode) 



LM1011, LM1011A 




LM1011, LM1011A 


Absolute Maximum Ratings 

Supply Voltage 24V 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (Vcc = 12V, T/\ = 25°C) NB 0 dB refers to 580 mVrms Dolby level at pin 3 


PARAMETER 

CONDITIONS 

LM1011A 1 

LM1011 | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Supply Voltage Range 


9 


20 

9 


20 

V 

Supply Current 

/ 

12 

17 

22 

12 

17 

22 

mA 

Voltage Gain (Pins 5-3) 

1 kHz Pins 6 and 2 Connected 

24.5 

26 

27.5 

24 

26 

28 

dB 

Voltage Gain (Pins 3—7) 

1 kHz (Noise Reduction Out) 

-0.5 

0 

0.5 

-1 

0 

1 

dB 

Distortion 

1kHz, OdB 


0.05 

0.1 


0.05 

0.1 

% 


10kHz, 10dB 


0.1 

0.3 


0.1 

0.3 

% 

Signal Handling 

1 kHz 0.3% Distortion 

10 

14 


10 

14 


dB 

Signal/Noise Ratio 

6 and 2 Connected, 









RS= lOkft 








Encode 

CCIR Weighted 

67 

70 


65 

70 


dB 

Decode 


77 

80 


75 

80 


dB 

Encode Characteristics 

Input to Pin 5 









1.3 kHz, -20 dB 

-16.7 

-15.7 

-14.7 

-17.2 

-15.7 

-14.2 

dB 


2.5 kHz, -20 dB 

-16.9 

-15.9 

-14.9 

-17.4 

-15.9 

-14.4 

dB 


3.0 kHz, -30 dB 

-22.2 

-21.2 

-20.2 

-22.7 

-21.2 

-19.7 

dB 


5.0 kHz, -30 dB 

-22.8 

-21.8 

-20.8 

-23.3 

-21.8 

-20.3 

dB 


10kHz, OdB 

-0.5 

0.5 

1.5 

-1.0 

0.5 

2.0 

dB 

' 

10 kHz, -40 dB 

-30.6 

-29.6 

-28.6 

-31.1 

-29.6 

-28.1 

dB 


14 kHz, -30 dB 

-24.9 

-23.9 

-22.9 

-25.4 

-23.9 

-22.4 

dB 

Back-to-Back Frequency 

With Standard Dolby 

-1 

0 

1 

-1.5 

0 

1.5 

dB 

Response 

B-Type Processor 








Input Resistance 

Pin 5 

45 

65 

85 

45 

65 

85 



Pin 2 

4.3 V 

5.6 

6.9 

4.3 

5.6 

6.9 

kft 

Output Resistance 

Pin 6 

1.8 

2.4 

3.0 

1.8 

2.4 

3.0 

kn 


Pin 3 


80 

120 


80 

120 

a 


Pin 7 


80 

120 


80 

120 

n 


Typical Performance Characteristics 


Supply Current vs Voltage 



10 12 14 16 18 20 


SUPPLY VOLTAGE (V) 


Distortion vs Frequency 















i 






14 

dB / 







II 







If 





12 i 

!i\ 

IL 







fr 







Jr 





Od 


fe: 


mmm 

2 

mm 




0.1 0.2 0.5 1.0 2.0 5.0 10 20 

FREQUENCY (kHz) 
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Audio, Radio and TV Circuits 


LM1017 4-Bit Binary 7-Segment Decoder/Driver 


General Description 

The LM1017 is a monolithic 1C which decodes 4-bit 
"binary plus one" coded input signals and supplies 
1 1 /2-digit TV channel display information. The outputs 
are designed to drive a 7-segment common cathode LED 
display with up to 25 mA depending on thermal dissi- 
pation requirements. Improvements in circuit design 
enable the device to operate from 5V to 12V supply. 
A brightness control facility is included. 


Features 

■ A direct replacement for SN29764 but with 12V 
supply capability 

■ TTL compatible inputs with high input voltage 
immunity 

■ Channel displays are from 1 to 16 

■ Current-driven output stages for LEDs protect against 
excess thermal dissipation 

■ Continuously variable brightness control 

■ Low stand-by quiescent current supply consumption 

■ Suitable for NSN583 0.5 inch LED display 

■ Inputs are suitable for direct drive from MOS outputs 


Connection Diagram 




Order Number LM1017N 
See NS Package N16A 


V SUPPLY = 5V 

For 12V supply, external resistors must be used between the output pin 
and segment to limit device dissipation. 
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Absolute Maximum Ratings 

13.5V 
30V 
13.5V 
0°C to +70° C 


Storage Temperature Range -55°C to +150°C 

Junction Temperature 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Supply Voltage, Pin 16 
Input Voltage, Pins 2—5 
Input Voltage, Pin 1 
Operating Temperature Range 


Electrical Characteristics vi6 = 5v.t a =25°c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Current per Segment Quiescent Current, Pin 16 

Pin 1 = 2V 


12 

20 

mA 


Pin 1 = 5V 


4 


mA 

Input Logic Voltage 

Pins 2-5 





H Signal 


2 



V 

L Signal 




0.8 

V 

Input Current, Pins 2—5 

V2-5 = 2.4 V 



, 1 

JUA 


V2— 5 = 0V 



-5 

ma 

Input Current, Pin 1 

1 7 — 1 5 = -15 mA 


-350 


ma 

Output Current, Pins 7—15 

VI =ov 

-16 

-22 


mA 


< 

II 

to 

< 


-12 


mA 


VI = V16 



-20 

ma 

Minimum Saturation Between Output Terminals 

lOUT = -20 mA 


1.4 


V 

7-15 and 16 






Package Thermal Resistance, 0 ja 




100 

°c/w 


Note. To limit device temperature at supply voltages > 5V, the following condition must be maintained: 8 (VsuPPLY — Vqut) •OUT < 

125 

Eg. For 12V supply and 20 mA InUT into 2V LED, Ta = 25°C: 8 (12 -Vn) 0.02 < 

100 

2.2V 

i.e., Vo > 4.2V /. series output resistance = = 1 10£2. 

20 mA 

See application notes for use of common series resistance between LED cathodes and ground. 

Truth Table 


CHANNEL 

D 

C 

INPUT 

B 

A 

BR 

a 

b 

c 

OUTPUT 
d e f 

9 

h 

i 

1 

L 

L 

L 

L 

L 


ON 

ON 







2 

L 

L 

L 

H 

L 

ON 

ON 


ON 

ON 


ON 



3 

L 

L 

H 

L 

L 

ON 

ON 

ON 

ON 



ON 



4 

L 

L 

H 

H 

L 


ON 

ON 



ON 

ON 



5 

L 

H 

L 

L 

L 

ON 


ON 

ON 


ON 

ON 



6 

L 

H 

L 

H 

L 

ON 


ON 

ON 

ON 

ON 

ON 



7 

L 

H 

H 

L 

L 

ON 

ON 

ON 







8 

L 

H 

H 

H 

L 

ON 

ON 

ON 

ON 

ON, 

ON 

ON 



9 

H 

L 

L 

L 

L 

ON 

ON 

ON 

ON 


On 

ON 



10 

H 

L 

L 

H 

L 

ON 

ON 

ON 

ON 

ON 

on 


ON 

ON 

11 

H 

L 

H 

L 

L 


ON 

ON 





ON 

ON 

12 

H 

L 

H 

H 

L 

ON 

ON 


ON 

ON 


ON 

ON 

ON 

13 

H 

H 

L 

L 

L 

ON 

ON 

ON 

ON 



ON 

ON 

ON 

14 

H 

H 

L 

H 

L 


ON 

ON 



ON 

ON 

ON 

ON 

15 

H 

H 

H 

L 

L 

ON 


ON 

ON 


ON 

ON 

ON 

ON 

16 

H 

H 

H 

H 

L 

ON 


ON 

ON 

ON 

ON 

ON 

ON 

ON 

OFF 

X 

X 

X 

X 

H 
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Typical Applications 


When operating with a 12V supply line, it is necessary to 
limit the power dissipation in the 1C by means of exter- 
nal resistance in series with the LED segments. (Max 
package dissipation at 70°C = 800 mW.) 

A minimum voltage of 2.5V should be allowed across 
the output driver pins between supply and outputs. 
Allowing 1.4V for the LED segments, a simple econom- 
ical solution using only 1 resistor can be proposed as 
follows: 


SEGMENTS 

b c d e f g h 



Maximum no of ON segments = 8 



SEGMENTS ON 


10 - 


For 20 mA/segment, maximum voltage allowed across 
RL will be: 

12-2.5- 1.4 = 8V 

.*. R l max = 8/8 x 0.02 — 4712 

For 15 mA/segment (max), R[_ max = 5612. 

Alternative methods of limiting Pp at 12V supply. 

With a series resistance between each output and seg- 
ment, the recommended resistance per segment at 
20 mA maximum will be: 

(12-2.5- 1 .4)/0.02 == 39012 

If a zener is used, maximum zener voltage = 8V. (The 
zener can be common between LED display cathode 
and ground.) 



SEGMENTS ON 





LM1019N 
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LM1019N Digital Tuning Station Detector 


General Description 


The LM1019N is a monolithic integrated circuit for 
identifying a valid picture when digitally tuned tele- 
vision receivers are used in the "search" mode. 


Features 

■ Noise gated sync separator 

■ Coincidence detector between sync and flyback 

■ Comparator to set AFC voltage at which output 
triggers 


Connection Diagram 


Dual-In-Line Package 


18V 1 I 

DIGITAL SUPPLY 


FLYBACK J>_ 
PULSE INPUT 

COINCIDENCE^ 

DETECTOR INPUT 

SYNC 7 

SEPARATOR OUTPUT 


.^COMPARATOR 

COMPENSATION 

^COMPARATOR 

OUTPUT 

.^COMPARATOR 

NON-INVERTING INPUT 
12 COMPARATOR 
INVERTING INPUT 

■11 TRIGGER OUTPUT 

10 SYNCHRONIZATION 

DETECTOR TIME CONSTANT 

■—“NOISE GATE INPUT 


Order Number LM1019N 
See NS Package N16A 
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Absolute Maximum Ratings 


VI-16 

V3-16 

hi 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


20V 
14V 
10 mA 
0°C to +70°C 
-65° C to +150°C 
300° C 


Electrical Characteristics vi-i6 = isv, v3-ie = 12 v, t a = 25°c 


PARAMETER 


Supply Current, I3 
Supply Current, li 

Video Signal 
- Input Voltage Range 
Input Current Driving Sync Pulse 

Noise Gating 
Input Voltage 
Input Current 

Flyback Pulse 
Input Voltage 
Input Current 
Input Resistance 
Pulse Deviation 

Composite Sync Pulse Output (Pin 7) 
Output Voltage 

Output Resistance at Leading Edge 
Output Resistance at Trailing Edge 

Coincidence Detector 
Sync Input Voltage 

Input Resistance 

Trigger Circuit 

Input Voltage, VI 0 

Output Leakage, 1 1 1 
Output Voltage, VII 

Comparator 

Input Bias Current 
Input Offset Voltage 
Voltage Gain 
Output Current 
Internal Load Resistance 


CONDITIONS 


f= 15,625 Hz 


(DC Restored by 
Internal Diode) 
Vs > 0.7 V 
Vs < 0.7 V 

VII High 
VII Low 
V10<2V 
V10 > 4.5V 
I'll = 1 mA 


Pin 14 Open Circuit 



10 


Input Common-Mode Range 
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Typical Applications 

The LM1019 provides a "stop" signal to the tuning 
system when a picture is received but because of the 
delay in the system when operating in the fast ramp 
mode, the tuner will normally have passed the optimum 
tuning point. The "stop" signal therefore ceases and the 
tuning system reverses direction at a reduced rate. When 
the AFC reaches its correct level a further "stop" signal 
is given which ends the search routine. 

Figure 1 shows the block schematic of the LM1019 with 
the required external components for a typical applica- 
tion. 

Video with positive-going sync pulses is fed through a 
low pass filter to prevent noise being mistaken as sync 
pulses. It is then fed to a sync separator which gives a 
positive signal output at pin 7 during the sync period. 

A noise gate is also provided such that when the voltage 
on pin 9 exceeds 0.7V the sync separator is inhibited. 
This can be utilized by coupling video through a high 
pass filter into pin 9. However, the system works well 
even Without this, and if not required, pin 9 can either 
be grounded or left open. 

The processed sync pulses are AC coupled to the coinci- 
dence detector on pin 6 because in the event of there 
being no video input, pin 7 rises to the high state. Fly- 
back pulses of greater than IV in amplitude are applied 
to pin 5 and when this is coincident with the video sync 
pulse, a current pulse is provided by pin 10. 


After a predetermined number of coincident pulses (set 
by the delay capacitor on pin 10), the Schmitt trigger 
operates, grounding pin 11. This brings down the voltage 
applied to the final comparator input from 12V to the 
required AFC trigger level set by R1 and R2. Typically 
,this will be in the range of 6— 10V. 

The AFC control voltage is applied to pin 13. This is 
always less than 12V so that until the sync pulses and 
the flyback are synchronized, the main output on pin 14 
is always low. However, once synchronization is achieved 
and pin 12 is at a lower reference level, the AFC voltage 
will rise above this reference and then below it as the 
tuner passes through the AFC detector range. 

Pin 14 thus rises to 18V and then returns' to a low level. 
As the tuner then reverses slowly, pin 14 again goes high 
when the AFC voltage equals the reference on pin 12. 
This terminates the search routine. 

Positive feedback can be provided to give a clean transi- 
tion and to prevent multiple pulses being sent to the 
tuning circuits. 

This is merely one possible configuration of the circuit. 
The output amplifier can be used in the inverting mode 
if the AFC S curve is inverted. A compensation point is 
also provided for application involving negative feedback 
where the amplifier may need stabilizing. 



INPUT 


FIGURE 1 
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LM1303 Stereo Preamplifier 


General Description 

The LM1303 consists of two identical operational 
amplifiers constructed on a single silicon chip. 
Intended for amplification of low-level stereo 
signals, the LM1303 features low input noise volt- 
age, high open-loop voltage gain, large output 
voltage swing and short circuit protection. 


Features 

■ Large Output Voltage Swing 4.0V rms min 

■ High Open-Loop Voltage Gain 6,000 min 

■ Channel Separation. 60 dB min at 10 kHz 


Schematic and Connection Diagrams 



Dual-1 n-Line Package 



Order Number LM1303N 
See NS Package N14A 


Typical Application and Characteristic 


Magnetic Phono Playback Preamplifier/R IAA Equalized 



yoltage gain 

input overload point . 
Output voltage swing . 
Output noise level . . 


. 34 dB at 1 KHz 
. 100 mVrmsat 1 KHz 
. 5.0 Vrms all KHz and 0.1% THD 
. Better than 70 dB below 10 mV 
phono input (input shorted) 



10 100 1.0k 10k 100k 
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Absolute Maximum Ratings 

Supply Voltage ±15V 

Power Dissipation (Note 1 ) 71 S mW 

Operating Temperature Range 0 to 75°C 

Storage Temperature Range -65°C to 1 50° C 

Lead Temperature (Soldering, 10 sec) 300°C 


Electrical Characteristics (Note 2) 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 


1.5 

10 

mV 

Input Offset Current 


0.2 

0.4 

pA 

Input Bias Current 


1.0 

10 

pA 

Supply Current Both 

Amplifiers V Q ur = OV 



15 

mA 

Large Signal Voltage Gain 

6,000 

10,000 


v/v 

Channel Separation 
<f = 10 kHz 

60 

70 


dB 

Output Voltage Swing 

R L = 10kft 

4.0 

5.5 

1 

Vrm* 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 175°C/W junction to ambient. 

Note 2: These specifications apply for Vg = ±13V and = 25° C, unless otherwise specified. 


Typical Application and Characteristic (Continued) 


Tape Head Playback Preamplifier/NAB Equalization 



Voltage Gain = 35 dB at 1.0k Hz 1, FREQUENCY (Hz) 

Output Voltage Swing = 5.0 Vrms FIGURE 2 


Typical Performance Characteristics 

Input Noise Voltage 
u vs Frequency 



FREQUENCY 1Hz) 


Input Noise Current 



FREQUENCY (Hz) 
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LM1310 Phase-Locked Loop FM Stereo Demodulator 

General Description Features 


The LM1310 is an integrated FM stereo demodu- 
lator using phase locked loop techniques to regen- 
erate the 38 kHz subcarrier. A second version 
also available is the LM1800 (see separate data 
sheet) which adds superb power supply rejection 
and buffered (emitter follower) outputs to the 
basic phase locked decoder circuit. The features 
available in these integrated circuits make possible 
a system delivering high fidelity sound within the 
cost restraints of inexpensive stereo receivers. 


Features 

■ Automatic stereo/monaural switching 

■ No coils, all tuning performed with single 
potentiometer 

■ Wide supply operating voltage range 

■ Excellent channel separation 


Connection Diagram 


Typical Application 


Dual-ln-Line Package 


CONTROL FILTER FILTER INPUTS MONITOR FILTER FILTER 



POWER COMPOSITE AUDIO 
SUPPLY INPUT AMP 
OUTPUT 


s x Hi 

input 

XL 


14 13 12 11 10 9 


left n A 1 n Right 

OUTPUT T T OUTPUT • — \ STEREO 

1 I /_ \ INDICATOR 

I ♦ ♦ 1 ( 3 ) Lamp 

0.022^3^ 3.9k > 3.9k >0.022^"^ ' (100 mA) 


Order Number LM1310N 
See NS Package N14A , 


Typical Performance Characteristics 


Channel Separation 


1) vco@ 

19000 ±10 Hz 
~ 21 PIN 6 OPEN 
_3) 800 mVp p 
COMPOSITE 


Cl = INPUT COUPLING 
CAPACITOR 


Stereo Distortion vs 
Input Amplitude 



Monaural Distortion vs 
Input Amplitude 



AUDIO FREQUENCY (Hz X 100) 


INPUT COMPOSITE SIGNAL LEVEL (Vp-p) 


INPUT SIGNAL LEVEL (Vp-p) 
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Absolute Maximum Ratings 

Supply Voltage 18V Operating Supply Voltage Range 10V to 18V 

Power Dissipation (Note 2) 715 mW Storage Temperature Range -65°C to +150°C 

Operating Temperature Range 0°C to +70°C Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (Note n 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

Lamp "OFF” 


18 


mA 

Lamp Driver Saturation 

100 mA Lamp Current 


1.3 


V 

Lamp Driver Leakage 



1.0 


nA 

Pilot Level for Lamp “ON” 

Pin 11 Adjusted to 19.00 kHz 


15 

20 

mVrms 

Pilot Level for Lamp "OFF” 

Pin 11 Adjusted to 19.00 kHz 

3.0 

7.0 


mVrms 

Composite Input 

Maximum for THD < 0.5% 

2.8 



Vp-p 

Monaural Input 

Maximum for THD < 1 .0% 

2.8 



Vp-p 

Stereo Channel Separation 


30 

40 


dB 


2.0 Vp-p Composite with 10% Pilot 


45 


dB 

Monaural Channel Unbalance 

Pilot “OFF” 


0.3 

1.5 

dB 

Recovered Audio 



485 


mVrms 

Total Harmonic Distortion 



0.3 


% 

Total Harmonic Distortion 

2.0 Vp-p Composite with 10% Pilot 


0.15 


% 

Capture Range 

50 mVrms of Pilot 


±3.5 


% of f c 

Ultrasonic Frequency Rejection 

19 kHz 


35 


dB 


38 kHz 


45 


dB 

Dynamic Input Resistance 


20 

50 


kO 

SCA Rejection 

f = 67 kHz; Measure 9 kHz Beat Note 

with 1 kHz Modulation “OFF” 


75 


dB 


Note 1 : Unless otherwise noted: Vqq * +12 Vpc and T A = +25°C. The input signal is a 2.8 Vp-p standard multiplex composite 
signal using 10% Pilot and with L or R-channel only modulated at 1 .0 kHz. 

Note 2: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction 
temperature and a themal resistance of 175° C/W junction to ambient. 

Note 3: The VCO can be defeated (sometimes desirable when using an AM-FM receiver in the AM mode) by returning pin 14 to 
ground through a 2.2 kft resistor. 


Typical Performance Characteristics (Continued) 


Pilot Amplitude vs 
Capture Frequency 



INPUT PHOT FREQUENCY (kHz) 
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LM1391 Phase-Locked Loop Block 


General Description 

The LM1391 integrated circuit has been designed 
primarily for use in the horizontal section of TV re- 
ceivers, but may find use in other low frequency signal 
processing applications. It includes a stable VCO, linear 
pulse phase detector, and variable duty cycle output 
driver. 

Features 

■ Internal active regulator for improved supply rejection 

■ Uncommitted collector of output transistor 


■ Output transistor with low saturation and high voltage 
swing 

■ APC of the oscillator with a synchronizing signal 

■ DC controlled output duty cycle 

■ ±300 Hz typical pull-in 

■ Linear balanced phase detector 

■ Low thermal frequency drift 

■ Small static phase error 

■ Adjustable dc loop gain 


Schematic and Connection Diagrams 

PRE-DRIVER OSCILLATOR REGULATOR PHASE DETECTOR 



Dual-ln-Line Package 


PHASE 

DUTY CYCLE OSCILLATOR REGULATOR DETECTOR 

CONTROL TIMING VOLTAGE OUTPUT 


8 | 7 1 

5 

d . 


i,r 

PRE 

DRIVER 

REGULATOR - 

J 

__l_ 

PHASE 

DETECTOR 

T 

7 P P 

1 4 


OUTPUT GNO SYNC SAWTOOTH 

INPUT INPUT 


Order Number LM1391N 
See NS Package N08B 


TOP VIEW 


10 
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LM1391 


Absolute Maximum Ratings 


Supply Current 40 mApc 

Output Voltage 40 Vpc 

Output Current 30 mApc 

Sync Input Voltage (Pin 3) 5.0 Vp-p 

Flyback Input Voltage (Pin 4) 5.0 Vp-p 


Power Dissipation (Package Limitation) 
Plastic Package (Note 1) 

Operating Temperature Range (Ambient) 
Storage Temperature Range 


Electrical Characteristics Ta = 25°C (see test circuit, all switches in position 1 ) 


1 250 mW 
0°C to +75°C 
-65° C to +150°C 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Regulated Voltage (Pin 6) 

<6 = 22 mAoc 

8,0 

8.6 

9.2 


Supply Current (Pin 6) 



20 



• Collector-Emitter Saturation Voltage 
of Output Transistor (Pin 1 ) 

lQ1 = 20 mA 



0.40 

VDC 

Pin 4 Voltage 





Vqc 

Oscillator Pull-in Range 

Adjust Rh 


±300 


Hz 

Oscillator Hold-in Range 

Adjust Rh 


±900 


Hz 

Static Phase Error 

Af = 300 Hz 


0.5 


MS 

Free-running Frequency Supply 
Dependance 

SI in position 2 

■ 

±3.0 


Hz/V DC 

Phase Detector Leakage (Pin 5) 

All switches in position 2 




ma 

Sync Input Voltage (Pin 3) 


2.0 


5.0 

Vp-p 

Sawtooth Input Voltage (Pin 4) 


1.0 



Vp-p 

Maximum Oscillator Frequency 



500 


kHz 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 100°C/W junction to ambient. 


Typical Performance Characteristics 


Frequency Drift vs Warm-Up 



0 15 30 45 60 75 90 105 120 


TIME (s) 


Frequency vs Temperature 

150 
S ioo 

UJ 50 

ta 

< 0 
x 
u 

>. -50 
| -100 
| -150 
-200 

0 10 20 30 40 50 60 70 80 

AMBIENT TEMPERATURE! 0 



Output Duty Cycle vs Vjyj 



0 10 20 30 40 50 60 70 80 90 


PIN 1 OUTPUT DUTY CYCLE ('/.) 


Application Information 

The following equations may be considered when using DC Loop Gain M0 — 3.2x10 ® R 0 f 0 Hz/rad 

the LM1391 in a particular application. 

Noise Bandwidth 


Vcc - 8.6 

R201 « R301 = — £2 

0.02 

1 

f Q = Hz 1.5k <R 0 < 51k 

0.6 R 0 C 0 


f 


nn — 


1 + 2n C c juj3 

Ry 


4RxC c 


Hz 


R204 = 10 R 0 
C203 = C204 ss - 


1 


600 f 0 (Hz) 


Damping Factor 


2 Ry 


C c M0 
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Test Circuit 


"30V -±T > -r"ou 

TRIGGER “ > 39k ''P 

' pulse < i VW j 

PULSE 0.003,F“T O.I,Fdr ^ 

GENERATOR ^ ^p j 

| 1» 02 — iCf 02 


{ 12*.s PULSeI _ 
+5QV FOR LM1391 j 


I S3 -20V 

SYNCHRONIZING 

SIGNAL 

T W = 5(i$ 

PULSE l ~ T5.750 Hz 
GENERATOR 


Typical Applications 


► R104 Cl 02 
* 120k I 0.0068 mF 


HORIZONTAL 

L OUTPUT 

Sri 02 

r?5k 12 /js FLYBACK PULSE 

♦■40V FOR LM1391 1 r 



FIGURE 1. TV Horizontal Processor 


FIGURE 2. General Purpose Phase-Lock Loop 
(See Applications Information) 


FREQAOJ S R301 

I 1 R3Q6 0305 > R302 R 3 ° 3 

I * 25k 2.5k 1 1.7k Ik 


"X XXL 


DUTY A I 

1 CYCLE A—, <R304 

adjT I 

(1054—90%) I I T > 


FIGURE 3. Variable Duty Cycle Oscillator 
(See Applications Information) 
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Audio, Radio and TV Circuits 


LM1596/LM1496 Balanced Modulator-Demodulator 


General Description 


Features 


The LM1596/LM1496 are double balanced modu- 
lator-demodulators which produce an output 
voltage proportional to the product of an input 
(signal) voltage and a switching (carrier) signal. 
Typical applications include suppressed carrier 
modulation, amplitude modulation, synchronous 
detection, FM or PM detection, broadband fre- 
quency doubling and chopping. 

The LM1596 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM1496 is specified for operation over the 0°C 
to +70°C temperature range. 


Excellent carrier suppression 

65 dB typical at 0.5 MHz 
50 dB typical at 10 MHz 

Adjustable gain and signal handling 


Fully balanced inputs and outputs 


Low offset and drift 


Wide frequency response up to 100 MHz 


Schematic and Connection Diagrams 


Metal Can Package 



Numbers in parentheses show DIP connections. 



Note: Pin 10 is connected electrically to the 
case through the device substrate. 

Order Number LM1496H or LM1596H 
See NS Package H08C 

Dual-In-Line Package 



Order Number LM1496N 
See NS Package N14A 


Typical Application and Test Circuit 



Numbers in parentheses show DIP connections. 


Note: Si is closed for "adjusted" measurements. 


Suppressed Carrier Modulator 



Absolute Maximum Ratings 


Internal Power Dissipation (Note 1 ) 
Applied Voltage (Note 2) . 

Differential Input Signal (V 7 - Vs) 
Differential Input Signal (V 4 - Vj> 
Input Signal (V 2 - V 1( V 3 - V 4 ) 

Bias Current (1 5 ) 

Operating Temperature Range LM1596 
LM1496 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


500 mW 
30V 
±5.0V 
±(5+l 5 R.)V 
5.0V 
12 mA 
-55°C to +125°C 
0°C to +70° C 
-65°C to +150°C 
300°C 


Electrical Characteristics (T A = 25° C, unless otherwise specified, see test circuit) 


Carrier Feedthrough 


Carrier Suppression 


Transadmittance Bandwidth 


Vc .= 60 mVrms sine wave 
fc = 1.0 kHz, offset adjusted 
Vc = 60 mVrms sine wave 
fc = 10 MHz, offset adjusted 
Vc = 300 mVpp square wave 
fc 3 1.0 kHz, offset adjusted 
Vc = 300 mVpp square wave 
fc = 1.0 kHz, offset not adjusted 
f s = 10 kHz, 300 mVrms 
fc = 500 kHz, 60 mVrms sine wave 
offset adjusted 
f s = 10 kHz, 300 mVrms 
fc = 10 MHz, 60 mVrms sine wave 
offset adjusted 
R l = son 

Carrier Input Port, Vc = 60 mVrms sine wave 
fs = 1.0 kHz, 300 mVrms sine wave 
Signal Input Port, Vg = 300 mVrms sine wave 
V 7 - V 8 = 0.5Vdc 
V s = 100 mVrms, f = 1.0 kHz 
V 7 - V 8 = 0.5Vdc 
f = 5.0 MHz 
V 7 - V 3 = 0.5 Vdc 
f = 5.0 MHz 
V 7 - V 8 = 0.5 Vdc 


Voltage Gain, Signal Channel Vs = 100 mVrms, f = 1.0 kHz 
V 7 - V 8 = 0.5Vdc 

Input Resistance, Signal Port f = 5.0 MHz 

V 7 - V 8 = 0.5 Vdc 

Input Capacitance, Signal Port f = 5.0 MHz 

V 7 - V 8 = 0.5 Vdc 

Single Ended Output Resistance f = 10 MHz 
Single Ended Output f=10MHz 

Capacitance 

Input Bias Current (lj + l 4 )/2 

Input Bias Current (l 7 + l 8 )/2 

Input Offset Current ( 1-1 - l 4 ) 

Input Offset Current (l 7 - l 8 ( 

Average Temperature (-55°C < Ta < + 125°C) 

Coefficient of Input (0°C < T A < +70° C 

Offset Current 

Output Offset Current (l 8 - Ig) 

Average Temperature (-55°C < Ta < +125°C) 

Coefficient of Output (0°C < T A < +70°C) 

Offset Current 

Signal Port Common Mode f g = 1.0 kHz 

Input Voltage Range 

Signal Port Common Mode V 7 - V 8 = 0.5 Vdc 

Rejection Ratio 
Common Mode Quiescent 
Output Voltage 
Differential Output Swing 
Capability 

Positive Supply Current (l 8 + I 9 ) 

Negative Supply Current (lio) 

Power Dissipation 


Note 1: LM1596 rating applies to case temperatures to +125°C; derate linearly at 6.5 mW/°C for 
ambient temperature above 75°C. LM1496 rating applies to case temperatures to +70°C. 

Note 2: Voltage applied between pins 6-7, 8-1, 9-7, 9-8, 7-4, 7-1, 8-4, 6-8, 2-5, 3-5. 


V 7 - V 8 = 0.5 Vdc 



0.04 0.2 mVrms 


20 150 I mVrms 


5.0 pA 
5.0 pA 
nA/°C 
nA/°C 

60 pA 
nA/°C 
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LM1596/LM1496 


Typical Performance Characteristics 


Carrier Suppression vs 
Carrier Input Level 


Carrier Suppression vs 
Frequency 


Carrier Feedthrough vs 
Frequency 



0 100 200 300 400 500 

CARRIER INPUT LEVEL (mVrms) 



CARRIER FREQUENCY (MHz) 



0.05 0.1 0.5 1.0 5.0 10 50 

CARRIER FREQUENCY (MHz) 


Sideband Output vs 
Carrier Levels 



Sideband and Signal Port 
Transadmittances vs 
Frequency 



CARRIER FREQUENCY (MHz) 


Signal-Port Frequency 
Response 



Typical Applications (Continued) 



DEMODULATED 
AF OUTPUT 


This figure shows the LM1596 used as a single sideband (SSB) suppressed carrier demodulator (product detector). The 
carrier signal is applied to the carrier input port with sufficient amplitude for switching operation, A carrier input level 
of 300 mVrms is optimum. The composite SSB signal is applied to the signal input port with an amplitude of 5.0 to 
500 mVrms. All output signal components except the desired demodulated audio are filtered out, so that an offset 
adjustment is not required. This circuit may also be used as an AM detector by applying composite and carrier signals 
in the same manner as described for product detector operation. 
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Typical Applications (Continued) 


+12 Vdc 



Broadband Frequency Doubler 


The frequency doubler circuit shown will double low-level signals with low distortion. The value of C should be chosen 
for low reactance at the operating frequency. 

Signal level at the carrier input must be less than 25 mV peak to maintain operation in the linear region of the switching 
differential amplifier. Levels to 50 mV peak may be used with some distortion of the output waveform. If a larger input 
signal is available a resistive divider may be used at the carrier input, with full signal applied to the signal input. 
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Audio, Radio and TV Circuits 


LM1800 Phase-Locked Loop FM Stereo Demodulator 


General Description 

The LM1800 is a second generation integrated 
FM stereo demodulator using phase locked loop 
techniques to regenerate the 38 kHz subcarrier. 
The numerous features integrated on the die make 
possible a system delivering high fidelity sound 
while still meeting the cost requirements of inex- 
pensive stereo receivers. More information available 
in AN-81. 


Features 

■ Automatic stereo/monaural switching 

■ 45 dB power supply rejection 

■ No coils, all tuning performed with single 
potentiometer 

■ Wide operating supply voltage range 

■ Excellent channel separation 

■ Emitter follower output buffers 


Connection Diagram 


Typical Application 


PHASE 

DETEC- THRESH THRESH 



DEEMPHASIS OEEMPHASIS 


V cc 

9 



1 2 3 4 S 6 7 8 



OUTPUT OUTPUT 


TOP VIEW 

Order Number LM1800N 
See NS Package N16A 

Typical Performance Characteristics 



6 8 10 12 14 16 


Channel Separation 



0.3 1.0 3.0 10 30 


SUPPLY VOLTAGE (V) 


AUDIOFREQUENCY (Hz X 100) 
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Absolute Maximum Ratings 

18V 
715 mW 
0°C to +70° C 
+10V to +18V 
65° C to + 150°C 
300° C 


Electrical Characteristics (Note 1) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

Lamp "off" 


21 

30 

mA 

Lamp Driver Saturation 

100 m A Lamp Current 


1.3 

1.8 

V 

Lamp Driver Leakage 



1.0 


nA 

Pilot Level for Lamp "ON" 

Pin 11 Adjusted to 19.00 kHz 


15 

20 

mVrms 

Pilot Level for Lamp "OFF" 

Pin 11 Adjusted to 19.00 kHz 

3.0 

7.0 


mVrms 

Stereo Lamp Hysteresis 


3.0 

6.0 


dB 

Stereo Channel Separation 

100 Hz (Note 2) 


40 . 


dB 


1000 Hz (Note 2) 

30 

45 


dB 


10000 Hz (Note 2) 


45 


dB 

Monaural Channel Unbalance 

200 mVrms, 1 000 Hz Input 


0.3 

1.5 - 

dB 

Monaural Voltage'Gain 

200 mVrms, 400 Hz Input 

140 

200 

260 

mVrms 

Total Harmonic Distortion 

500 mVrms, 1000 Hz Input 


0.4 

1.0 

% 

Total Harmonic Distortion 

500 mVrms, 1000 Hz Input, 1800A Only 


‘ 0.1 

0.3 

% 

Capture Range 

25 mVrms of Pilot 

±2.0 


±6.0 

% of f c 

Supply Ripple Rejection 

200 mVrms of 200 Hz Ripple 

35 

. 45 


dB 

Dynamic Input Resistance 


20 

45 


kfi 

Dynamic Output Resistance 


900 

1300 

2000 

a 

SCA Rejection 

(Note 4) 


70 


dB 

Ultrasonic Freq. Rejection 

Combined 19 and 38 kHz, Ref. to Output 


33 


dB 


Supply Voltage 

Power Dissipation (Note 3) 

Operating Temperature Range 
Operating Supply Voltage Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


Note 1: Ta - 25° C and V + = 12V unless otherwise specified. 

Note 2: The stereo input signal is made by summing 123 mVrms LEFT or RIGHT modulated signal with 25 mVrms of 19 kHz 
pilot tone, measuring all voltages with an average responding meter calibrated in rms. The resulting waveform is about 800 mVp-p. 
Note 3: For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 175°C/W junction to ambient. 

Note 4: Measured with a stereo composite signal consistency of 80% stereo, 10% pilot and 10% SCA as defined in the FCC Rules 
on Broadcasting. 

Note 5: VCO "OFF" curve represents the distortion attainable using good 19 kHz and 38 kHz filters. 


Typical Performance Characteristics (Continued) 


Monaural Distortion 
vs Input Amplitude 



0.2 0.4 0.6 0.8 1 1.2 

INPUT SIGNAL LEVEL (Vrms) 


Monaural Distortion 
vs Frequency 



20 50 100 200 500 Ik 2k 5k 10k 15k 

FREQUENCY (Hz) 


10 
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National 

Semiconductor 


Audio, Radio and TV Circuits 


LM1818 Electronically Switched Audio Tape System 


General Description 

The LM1818 is a linear integrated circuit containing all 
of the active electronics necessary for building a tape 
recorder deck (excluding the bias oscillator). The elec- 
tronic functions on the chip include: a microphone and 
playback preamplifier, record and playback amplifiers, 
a meter driving circuit, and an automatic input level 
control circuit. The 1C features complete internal elec- 
tronic switching between the record and playback modes 
of operation. The multipole switch used in previous 
systems to switch between record and playback modes 
is replaced by a single pole switch, thereby allowing for 
more flexibility and reliability in the recorder design.* 

*Monaural operation. Figure 9. 


Features 

■ Electronic record/play switching 

■ 85 dB power supply rejection 

■ Motional peak level meter circuitry 

■ Low noise preamplifier circuitry 

■ 3.5V to 18V supply operation 

■ Provision for external low noise input transistor 


Order Number LM1818N 
See NS Package N20A 



FIGURE 1. Stereo Application Circuit (Left Channel Shown), V$ = 15V 
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Absolute Maximum Ratings 

Supply Voltage 18V 

Package Dissipation, (Note 1) 715 mW 

Storage Temperature ~65°C to +150°C 

Operating Temperature 0°Cto+70°C 

Junction Temperature 150°C 

Minimum Voltage on Any Pin —0.1 Vqc 

Maximum Voltage on Pins 2 and 5 0.1 Vqc 

Maximum Current Out of Pin 14 5 mAoc 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics Vqc “ 6V, Ta = 25°C, See Test Circuits (Figures 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Operating Supply Voltage Range' 


3.5 


18 

Vdc 

Supply Current 

Test Circuit (Figure 2) 


5 

12 

mA 

Turn-ONTime 

Externally Programmable 

50 

400 


ms 

Playback Signal to. Noise 

DIN Eq. (3180 and 120 ns), 20-20 kHz, 

R s = 0, Unweighted, Vref = 1 mV at 

400 Hz , 


74 


dB 

Record Signal to Noise 

Flat Gain, 20-20 kHz, R s = 0, ALC OFF, 
VREF r.1 mV at 1 kHz, Unweighted 


69 


dB 

Fast Turn-ON Charging Current 

Pins 16 and 17 


200 


MA 

Record and Playback Preamplifier 

Open Loop Voltage Gain 

f= 100 Hz 


100 


dB 

Preamplifiers' Input Impedance 



50 


kft 

Preamplifiers' Input Referred PSRR 

1 kHz— Flat Gain . 


85 


dB 

Bias Voltage on Pin 18 in Play Mode 

or Pin 15 in Record Mode 



0.5 


V 

Monitor Amplifier Input Bias 

Current 

Pins 1 1 and 12 


0.5 


F A 

Monitor Amplifier Open Loop 

Voltage Gain 

Record or Playback, f = 100 Hz 


80 


dB 

Monitor Outputs Current Capability 

Pins 9 and 10, Source Current Available 

400 

750 


juA 

Monitor Amplifier's Output Swing 

R L = 10k, AC Load 

1.2 

1.65 


Vrms 

THD, All Amplifiers 

At 1 kHz, 40 dB Closed Loop Gain 


0.05 


% 

Record-Playback Switching Time 

As in Test Circuit 


50 


ms 

Input ALC Range 

AV|i\| for AVoUT = 8 dB 


40 


dB 

Input Voltage on ALC Pin for 

Start ( of ALC Action 



25 


mVrms 

ALC Input Impedance 


1 

2 


kft 

ALC Attack Time 

C13=10mF 

■j 

7 


ms 

ALC Decay Time 

R17 = °°, C13 = 10 juF 

j 

30 


sec 

Meter Output Gain 

100 mVrrris at 1 kHz into Pin 4 

• 

800 


mVpc 

Meter Output Current Capability 


2 . 



mApC 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 175°C/W junction to ambient. 
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Test Circuits 



RECORD 

INPUT 


SHIELDEO 
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Equivalent Schematic Diagram 



Typical Performance Characteristics 


Automatic Level Control 
(ALC) Response Characteristic 




i 10 100 Ik 10k 


FREQUENCY (Hz) 



FREQUENCY (Hz) 


10 
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Application Hints 

Preamplifiers (Figure 5) 

There are 2 identical preamplifiers with 1 common 
output pin on the 1C. One amplifies low level inputs 
such as a microphone in the record mode and another 
amplifies the signal from the playback head in the 
playback mode. The amplifiers use a common capacitor, 
C6, to set the low frequency pole of the closed loop 
responses. On the playback amplifier, the collector of 
the input device is made available so that an external low 
noise device can be connected in critical applications. 
When using an external low noise transistor, pins 17 and 
18 of the 1C are shorted together to ensure that the 
internal input transistor is turned OFF and the external 
transistor's collector is tied to pin 19. The input and 
feedback connections are now made to the external 
input transistor. The amplifiers are stable for all gains 
above 5 and have a typical open loop gain of 100 dB. 
R8 and R9 enable C6 to be quickly charged and set the 
DC gain. Internal biasing provides a DC voltage indepen- 
dent of temperature at pin 17 so that the preamplifier 
DC output will remain relatively constant with tempera- 
ture. Supply decoupling is provided by an internal 
regulator. Additional decoupling can be added for the 
input stages by increasing the size of the capacitor on 
pin 20 of the 1C. A fast charging circuit is connected to 
the preamplifiers' input capacitors (pins 16 and 17) to 
decrease the turn-ON time. Larger input capacitors 
decrease the noise by reducing the source impedance at 
lower frequencies where 1/f noise current produces an 
input noise voltage. The input resistance of the pre- 
amplifiers is typically 50 kfi. 

Monitor and Record Amplifiers (Figure 6) 

The monitor and record amplifiers share common input 
and feedback connections but have separate outputs. 
During playback, the input signal is amplified and 
appears only at the playback monitor output. Because 


the outputs are separate, different feedback components 
can be used and, as a result, totally different responses 
can be set. The amplifiers are stable for all closed loop 
gains above 3 and have an open loop gain of typically 
80 dB. The outputs are capable of supplying a minimum 
of 400 /iA into a load and swing within 500 mV of 
either Vqc or ground. If more than 400 jttA is needed to 
drive a load, an external pull-up resistor on the output of 
these amplifiers can increase the load driving capability. 

Automatic Level Control — ALC (Figure 7) 

The automatic level control provides a constant output 
level for a wide range of record source input levels. 
The ALC works on the varying impedance characteristic 
of a saturated transistor. The impedance of the saturated 
transistor forms a voltage divider with the source imped- 
ance of a series resistor ( R 1 in Figure 9). The input 
signal is decreased as the ALC transistor is increasingly 
forward biased. The ALC transistor will be forward 
biased when the preamplifier's AC output (pin 14), 
coupled to the combination ALC-meter drive input 
(pin 4) reaches 40 mV peak (25 mVrms). The gain of 
the ALC loop is such that a preamp input signal increase 
of 10 dB will result in a 2 dB increase on the AC output 
of the preamplifier. If greater than 25 mVrms is desired 
at the output of the preamp, a series resistor can be 
added between the preamp output coupling capacitor 
and the ALC input (pin 4). The input impedance of the 
ALC circuit is 2 k£2; therefore, if a 2 k£l series resistor 
is added, ALC action will begin at 50 mVrms. 

The ALC memory capacitor connected to pin 6 has the 
additional function of amplifier anti-pop control; for 
this reason, it is necessary that a capacitor be connected 
to pin 6 even if ALC is not used. 



FIGURE 5. Preamplifier 
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Application Hints (Continued) 

Meter Driving— Motional Peak Level Response ( Figure 7) 

The meter drive output (pin 8) is capable of supplying 
1—2 mA at a filtered DC voltage that is typically equal 
to 10 times the RMS value of the signal applied to the 
ALC-meter drive input pin (pin 4). The RC network 
connected to pin 7 of the 1C determines the memory 
constant of the meter circuit. It is therefore possible 
to store the peak input signal by giving this RC network 
a long time constant, or read the instantaneous signal 
level by giving this RC network a very short time con- 
stant (i.e., no capacitor). This memory capacitor is 
discharged within the integrated circuit at a discharge 
rate related to the DC level on the meter output pin. 
When the meter output pin is between 0 Vqc and 
0.7 Vdc there is a 50 pA discharge current; when the 


VinO— | 


pin is between 0.7V and 1.1V there is no internal 
discharge current; and when the voltage on pin 8 is 
greater than 1.1V there is a discharge equivalent to a 
3.3k resistor across the memory capacitor. These dif- 
ferent discharge rates allow the meter circuit to display 
fast, accurate responses on the lower portion of the 
meter display, slow responses in the higher portion of 
the meter display, and rapid discharge when the voltage 
is above the maximum reading the meter can display. 
The resistor in series with the meter can be adjusted 
such that the previously mentioned responses coincide 
with the proper points (0 VU and +3 VU) on the meter 
scale. 



FIGURE 6. Monitor Amplifier 

Vcc 



FIGURE 7. Auto Level-Meter Circuit 
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Application Hints (Continued) 

Anti-Pop Circuitry (Figure 8) 

The capacitor on pin 3 is used in a time delay system in 
conjunction with Cl 3, the ALC capacitor, to suppress 
pops when switching between record and playback. 
Figure 8 illustrates how this is done. The output ampli- 
fier, either record or playback, is shut off prior to 
switching and carefully rebiased after switching takes 
place. It is therefore required that a proper ratio is 
selected between the ALC capacitor and the logic input 
RC time constant. The ALC capacitor must be discharged 
to 0.7V within the time it takes the logic input capacitor 
to: 1) charge from Vcc/2 to 0.7 Vqc when switching 
from record to playback, or 2) discharge from Vcc/2 
to 0.3 V(x when switching from playback to record. 
These times would normally be similar; however, the 
ALC capacitor can be charged to a different initial value 
depending upon the input to the ALC circuit. The maxi- 
mum value to which the ALC memory capacitor will 
normally charge is 3.2V, therefore, the maximum time 
allowed for discharging C13 is given by: 

(C13 x AV) (3.2V -0.7V) 

tl = = C13 

h 350 nA 

= C13 x 7.2 x 10 4 
If C13 = IOjuF, tl = 72 ms 

It it now necessary to determine the minimum value for 
the R/P logic capacitor. This is done by computing the 
time between the 2 voltage switching points using the 
exponential equations for a single RC network. 


t2 - R13C11 In 


Vcc 

0.3 V C C 


R13C11 In — — = 0.51 R13C11 

10.5 V CC J 

To be sure that C13 is completely discharged, let t2 > tl. 
tl (72 ms) 

R13C11 > = = 141 ms 

0.51 0.15 

If.CII = 10juF, R13 = 15 k£2 


R13 should be kept to a value less than 50 k£2 to insure 
that bias current existing from pin 3 does not cause an 
offset voltage above 200 mV. Typically this bias current 
is less than 3 fiA. 

Record Playback Switch 

When the voltage on pin 3 of the 1C is greater than 
0.5 Vcc, ^e internal record-playback switch switches 
into the playback mode. During playback the record 
preamplifier remains partially biased but the input signal 
to this preamp does not appear at the preamplifier 
output. In addition, during the playback mode, the 
record monitor output (pin 9) is disabled and the ALC 
circuit operates to minimize the signal into the record 
preamp input. The meter circuit is operational in the 
playback as well as the record mode. Similarly, during 
the record mode, the playback preamp input is ignored 
and the playback monitor output is disabled. In addi- 
tion, a pin is available to hold one side of the record 
head at ground potential while sinking up to 500 juA 
of AC bias and record current. 


R/P 6 3 H 



SWITCH R13 J I 

A AAA X j 

>wC f 

1 1 1 

r^^|.°3VccH 


L 

/ — li-cii 

CV O — r— LOGIC CA 

, / 1 1“ 

> R17 — 


FIGURE 8A. Anti-Pop Circuit 
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FIGURE 8B. Waveform for Anti-Pop Circuit 
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External Components 

(Refer to Figure 9, Monaural Application Circuit) 

COMPONENT 

EXTERNAL COMPONENT FUNCTION 

NORMAL RANGE 

OF VALUE 

R1 

Used in conjunction with varying impedance of pin 5, forming a resistor divider 
network to reduce input level in automatic level control circuit 

500 17-20 kO 

C2 

Forms a noise reduction system by varying bandwidth as a function of the 
changing impedance on pin 5. With a small input signal, the bandwidth is 
reduced by R1 and C2. As the input level increases, so does the bandwidth. 

0.01 mF-0.5mF 

Cl, C3 

Coupling capacitors. Because these are part of the source impedance, it is 
important to use the larger values to keep low frequency source impedance 
at a minimum. 

0.5 mF — 10 mF 

• 

C4 

Radio frequency interference roll-off capacitor 

100 pF— 300 pF 

R2 

R3 

R4 

C5 

Playback response equalization. C5 and R3 form a pole in the amplifier response 
at 50 Hz. C5 and R4 form a zero in the response at 1 .3 kHz for 1 20 /is equalization 
and 2.3 kHz for 70 ms equalization. 

50 17-200 17 

47 k 17— 3.3 M17 

2 k 17— 200 k!7 

R5 . 

R6 

Microphone preamplifier gain equalization 

5017-20017 

5 k 17— 200 k!7 

R7 

R8 

R9 , 

C6 

C7 

DC feedback path. Provides a low impedance path to the negative input 
in order to sink the 50 mA negative input amplifier current. C6, R9, 

R7 and C7 provide isolation from the output so that adequate gain can be 
obtained at 20 Hz. This 2-pole technique also provides fast turn-ON settling time. 

0-2 k!7 

20017-5 k!7 

1 k!7— 30 k!2 

200mF-1000mF 

0-100mF 

C8 

Preamplifier output to monitor amplifier input coupling 

0.05 mF—1 mF 

C9 

ALC coupling capacitor. Note that ALC input impedance is 2 k!7 

0.1 mF— 5 mF 

RIO 

R11 

R12 

CIO 

These components bias the monitor amplifier output to half supply since the 
amplifier is unity gain at DC. This allows for maximum output swing on a varying 
supply. 

10 k 17— 100 k!7 

10 k 17— 100 k!7 

10 k!7— 100 k!7 

1 mF-100mF 

C11 

R13 

Exponentially falling or rising signal on pin 3 determines sequencing, time delay, 
and operational mode of the record/play anti-pop circuitry. See anti-pop diagram. 

0-10mF 

0-50 k!7 

R14 

R15 

R16 

C12 

R16, R14 and C12 determine monitor amplifier response in the play mode. 

R15, R14 and Cl 2 determine monitor amplifier response in the record mode. 

Ik— 100k 

30 k!7-3 M17 

30 k!7-3 M17 

0.1 mF-20mF 

C13 

R17 

Determines decay response on ALC characteristic and reduces amplifier pop 

5mF-20mF 

100k— 00 

C14 

R18 

Determines time constant of meter driving circuitry 

0.1 mF-10mF 

100k— oo 

R19 

Meter sensitivity adjust 

10 k 17— 100 k!7 

C15 

Record output DC blocking capacitor 

1mF-10mF 

C16 

Play output DC blocking capacitor 

0.1 mF-10mF 

C17 

R21 

R22 

Changes record output response to approximate a constant current output in 
conjunction with record head impedance resulting in proper recording 
equalization 

500 pF— 0.1 mF 

5 k!7— 100 k!7 

5 k!7— 100 k!7 

C18 

Preamplifier supply decoupling capacitor. Note that large value capacitor 
will increase turn-ON time 

0.1 /IF— 500 mF 

C19 

Supply decoupling capacitor 

100mF-1000mF 

C20 

Decouples bias oscillator supply 

10 mF— 500 pF 

R23 

Allows bias level adjustment 

0-1 k!7 

R24 

Adjusts DC erase current in DC erase machines (for AC erase, "Stereo 

Application Hook-up") 


LI 

C21 

Optional bias trap 

1 mH-30 mH 

100 pF— 2000 pF 

C22 

Bias Roll-Off 

0.001 mF-0.01 mF 

HI 

Record/play head 

100 17-500 17; 70 mH- 
300 mH 

H2 

Erase head (DC type, AC optional) 

1017-30017 
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Typical Applications (Continued) 'n 
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FIGURE 9B. Level Diagram for Monaural Application Circuit 
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National 

Semiconductor 


Audio, Radio and TV Circuits 


LM1828, LM1848 Color Television Chroma Demodulator 


General Description 

The LM1828, LM1848 are monolithic silicon integrated 
circuits which demodulate the chroma sub-carrier 
information contained in a color television video signal 
and provide color-difference signals at the outputs. 

The low dc voltage drift of the outputs insures excellent 
performance in direct-coupled chrominance output 
circuitry. 


Features 

■ Low output voltage drift with temperature 

■ Doubly balanced demodulation 

■ 10 Vp-p E b -E y output 

■ Built-in ripple filter capacitors 

■ Standard matrix in LM1828 

■ Revised matrix in LM1848 

■ Pin compatible with LM746, CA3072 




LM1828, LM1848 






LM1828, LM1848 


Absolute Maximum Ratings 

715 mW 
0°C to +70°C 
~65°C to +150°C 
V 30V 
5 Vp-p 
5 Vp-p 


Electrical Characteristics t a = 25 ° c, v cc = 24 V, r u - 3 . 3 k, Note 1 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC 

•s 

Supply Current 

R, = 1 M 

5.5 

9.0 

12.5 

mA 


e ' = 0 







c R l = 3.3k 

16.5 

22 

25.5 

mA 

Pd 

Power Dissipation 

o 

ii 

o 

CD 


340 

430 

mW 

V9, VII, V13 

dc Output. Voltage 

e c = 0, R L = 3.3k 

13 

14.5 

16 

V 

o 

> 

<3 

Output Differential 

e c = 0, R l = 3.3k 


100 

600 

mV 


Output Tempco 

e c = 0 


3 


mV/°C 

V6, V7 

Reference Input dc 



6.2 


V 

V3, V4 

Chroma Input dc 



3.4 


V 

DYNAMIC 

e c 

Chroma Input Sensitivity 

B-Y = 5 Vp-p 


0.4 

0.7 

Vp-p 

V13 

Max B-Y Output 

e c = 1.5 Vp-p 

8 

10 


Vp-p 


ac Unbalance 

e c = 0 


0.1 

0.8 

Vp-p 

V9, VII, V13 

Residual Carrier 

B-Y = 5 Vp-p 



1.5 

Vp-p 


R-Y Output 

B-Y = 5 Vp-p 






LM1828 


3.5 

3.8 

4.2 

Vp-p 


LMt 848 


4.2 . 

4.75 

5.25 

Vp-p 


G-Y Output 







LM1828 


0.75 

1.0 

1.25 

Vp-p 


LM1848 


1.3 

1.75 

2.2 

Vp-p 


Note 1 : Values measured in test circuit. 

Note 2: For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 175° C/W junction to ambient. 


Power Dissipation (Note 2) 
Operating Temperature Range 
Storage Temperature Range 
Supply Voltage . 

Reference Input 
Chroma Input 
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Typical Vector Output Diagrams 


LM1828 Standard Matrix 


LM1848 Revised Matrix 

n-v M 

10.951 




ut 


Typical Application 



SHIFT 

NETWORK 


Test Circuit 
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LM1870 


National 
Semiconductor 

LM1870 Stereo Demodulator with Blend 

General Description Features 

■ Blend control 

■ Large input overload 

■ Low beat note distortion 

■ Low THD diode switching outputs 

■ VCO stop function 

■ Wide supply range, 7V to 15V 

■ Mono override pin 


The LM1870 is a phase locked loop FM stereo demodulator 
with a DC control pin for reducing noise by decreasing 
separation during weak signal conditions. 

Applications 

■ Automobile radios 

■ Hi Fi receivers and tuners 

■ High performance portable radios 



Typical Application and Test Circuit 


12V 



FIGURE 1 


Pin Functions 

1 Quick Mono 6 Loop Filter 11 Lamp Driver 16 Blend Resistor and 19 kHz Test Point 

2 PLL Input 7 Loop Filter 12 Right Output 17 Blend Filter 

3 V + 8 VCO Tuning 13 Left Output 18 Blend Filter 

4 Lamp Filter and VCO Stop 9 VCO Tuning 14 Right Gain and Deemphasis 19 Audio Input 

5 Lamp Filter 10 Ground 15 Left Gain and Deemphasis 20 Blend Control Voltage 

__ _______ 





Absolute Maximum Ratings 

Supply Voltage, Pin 3 15V 

Lamp Driver Voltage. Pin 11 18V 

Output Voltage, Pin 12, 13, Supply Off 7V 

Quick Mono Input (Pin 1) V + (Pin3) 

Blend Input (Pin 20) 15V 

Operating Temperature Range 0°Cto+70°C 

Power Dissipation (Note 1) 1W 

Storage Temperature - 65 °C to +125 °C 

Lead Temperature (Soldering, 10 seconds) 300 °C 

Electrical Characteristics t a = 25 -c, v+ =sv, Figure i 


Conditions 


Lamp Off, Pin 11 =16V 
Lamp On, Pin 11@75 mA 
Voltage at Pin 4 to Stop VCO 
Pin 4 = 0.2V 
Pin 20 = 0V 



Operating Supply Voltage 
Supply Current 
Input DC Voltage 
Input DC Voltage 
Supply Rejection 
Lamp Leakage Current 
Lamp Saturation Voltage 
VCO Stop Voltage 
VCO Stop Current 
Blend Input Bias Current 
Quick Mono Switch Voltage 
Quick Mono Bias Current 
Output Leakage 
Audio 
Mono Gain 
Mono THD 
Channel Balance 
Gain Shift 
Channel Separation 
Output DC Shift 
Input Resistance 
Output Resistance 
Ultrasonic Rejection 
SCA Rejection 
Signal To Noise 



linri'iuyinntfrmi 


Stereo Gain Change 

1 kHz L = -R inpu 

Mono Gain Change 

1 kHz L= R Input 

Output DC Shift 

10 kHz L= R Input 



Note 1: For operation in ambient temperatures above 25 °C, the device must be derated based on a 150 °C maximum junction temperature and a thermal 
resistance of 125 0 C/W junction to ambient. 

Note 2: Input is 10% SCA (74.5 kHz), 9% pilot and 1 kHz left or' right. Rejection is ratio of 1 kHz output to 1.5 kHz output. 
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External Components 


Part# 

Recommended 

Value 

Purpose 

Affect ! 

Remarks 

Smaller 

Larger 

R1 

100k 

Pull Up for 

Quick Mono 

OK 

Errors Due to 

Pin 1 Bias 

Current 

Pin 1 Can Be 

Shorted to Supply 
if Quick Mono is 

Not Used 

C2 

2 M F 

PLL Input 

Coupling 

Loading of 

Source varies 
with Frequency 


For Source of Less 
Than 1000, Can 

Use 0.1 n F 

C3 

0.1 

Supply Bypass 




C4 

0.22 h F 

Lamp Filter 

Shorter Time to 
Switch Mono to 
Stereo 

Longer Time to 
Switch Mono to 
Stereo 

High Dielectric 
Resistance 

R6 

C6 

C7 

3k 

0.047 ft F 

0.33 jiF 

Loop Filter 

High Stereo 
Distortion 

Narrower 

Capture Range 


R8 

C8 

33k 

0.0047 pF 

Loop Filter 

High Stereo 
Distortion 

Loop not Lock 


Narrower Capture 
Range 

C9 

R9 

RIO 

1000 pF 

8.2k 

5k 

Set VCO 

Free Running 
Frequency 

High VCO Jitter 

Narrower 

Capture Range 

NPO 5% 

| VCO Not Adjustable with C9 

Metalfilm 

R11 

180Q 

Sets Lamp 

Current 

Excess 1C 
Dissipation 

Dim Lamp 


R14 

R15 

7.5k 

7.5k 

Load Resistors 

Low Output 

Voltage 

Output Clip 

Earlier 


Cl 4 

Cl 5 

0.01 ixF 

0.01 pF 

Deemphasis 




R16 

3k 

Sets Blend Characteristic See Curves 


C17 

C18 

0.0047 ixF 

0.0047 #xF 

Filter for 

Blend 

Insufficient 

Blend 

Reduced Blend 
Bandwidth 


C19 

2mF 

Audio Input 
Coupling 

Poor Low Fre- 
quency Response 
and Separation 

Turn On Delay 


. R19 

15k 

Allows VCO 
Monitoring 

Excess 1C 
Dissipation 

Reduces 19 kHz 
Output Voltage 

Only Need During 

Set Up 


Typical Performance Characteristics Blend off unless otherwise stated 


Supply Current vs 
Supply Voltage 



7 B 9 10 11 12 13 14 IS 


Lamp Driver Voltage vs 
Current 



0 50 100 150 200 250 300 


Gain vs R L (Pin 14, 15) 


f = i 

kHz 









/ 


r l < 

NOT 

RECC 

7.5k 

IMMEN 


/ 



IDED 

/ 

/ 

/ 




/ 

/ 

Rl' 

NOT 

>9.1 k 





RECOMMENDED 
FOR Vs= 8V 


0 2.5 5 7.5 10 12.5 15 


SUPPLY VOLTAGE (V) 


PIN 11 CURRENT (mA) 


LOAD RESISTOR (kft) 
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THD MONO OR STEREO (%) SEPARATION (dB) PILOT LEVEL (mVrms) GAIN CHANGE (dB) 


Typical Performance Characteristics Blend off unless otherwise stated 


Gain Change vs 
Temperature 


VCO Supply Sensitivity 



VCO Temperature Stability 



-25 0 25 50 75 7 8 9 10 11 12 13 14 15 



TEMPERATURE (°C) 


SUPPLY VOLTAGE (V) 


-25 0 25 50 75 

TEMPERATURE (°C) 


Lamp On/Off vs 
Temperature 



-25 0 25 50 

TEMPERATURE (°C) 


Lamp On/Off vs Resistance 
Pin 4 to 5 



10k 100k 1M 

EXTERNAL RESISTANCE PIN 4 TO 5 <J2) 


Separation vs Temperature 



-25 0 25 50 75 

TEMPERATURE f C) 


Separation vs VCO Tuning 



Capture Range vs Pilot 
Level 



Total Harmonic Distortion 
vs Input Level 



VCO FREQUENCY (Hz) 


0 0.2 0.4 0.6 0.8 1.0 1.2 

MONO INPUT LEVEL (Vrms) 


Total Harmonic Distortion 
vs Frequency 


Vjn = 500 mV ' 

OUTPUT (ULTRASONICS! 

FILTERED | 





















J 




f— 

i — 


! 




L 

L 




Separation vs Frequency 



50 100 200 500 Ik 2k 5k 10k 15k 50 100 200 500 Ik 2k 5k 10k 15k 

FREQUENCY (Hz) FREQUENCY (Hz) 


Power Supply Rejection 
Ratio vs Frequency 
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VCO FREQUENCY CHANGE (%) 
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Typical Performance Characteristics Blend off unless otherwise stated 



BLEND CONTROL VOLTAGE (V) 


L + R Frequency Response 
with Blend Control 


R 

6 = 

k 


v PIN20^ b 

j 
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J. 1 11 
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L-R Frequency Response 
with Blend Control 
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Application Hints 

Bland— What & Why? 

Thesignal to noiseofaweakFM stereosignal is worsethan 
that of an equally weak FMmonosignal. For this reason FM 
mono radios often perform better than FM stereo radios, 
unless the latter is forced into mono. 

The typical quieting curves of an FM stereo radio look like 
this: 

Typical Radio Quieting 
Characteristic 



RF INPUT {fiM) 

If an acceptable signal to noise is 40 dB, then 20 dB more 
signal is required in stereo compared to mono, 30 vs 3 ^V. 
The degradation in noise is due to the L-R or difference 
channel. If the gain of the L-R is reduced, then the noise 
associated with it will be reduced. However, there will also 
be a reduction in separation. 

To maintain a 40 dB signal to noise in the above example, 
the gain of the L-R signal should be reduced from 0 dB 
gain@30 downward to -20 dB at 3 ^V. If this is done 
properly the dashed line will result. Below is a plot of L-R 
gain and resulting separation. 


L-R Gain and Separation vs 
RF Input Level with Blend 



1 2 3 5 10 20 30 50 100 

RF INPUT (pV) 


The LM1870 reduces the gain of the L-R channel before it is 
demodulated. This is done by a voltage controlled shelving 
filter. The Bode plot of this filter is shown below: 



Ik 2k 3k 5k 10k 20k 30k 50k 100k 
FREQUENCY (Hz) 


The full blend response is a two pole roll-off with each pole 
set by an internal 6.8k resistor and the capacitance from 
pins 17 and 18 to ground. The standard value for both 
capacitors is 4.7 nF resulting in two 5 kHz poles. The blend 
input (pin 20) is derived from the meter drive output of the 
FM IF chip (LM3089 or LM3189 pin 13). To adjust for varia- 
tions in RF gain and other 1C parameters, it is recommend- 
ed that an adjustment be made on each radio. 

Mono-Stereo Switching 

The LM1870 automatically switches from mono to stereo 
when the level of pilot at pin 2 is about 15 mV or more. This 
value can be increased by putting a resistor between pins4 
and 5, as shown graphically in the Typical Performance 
curves. 

If it is desired to switch to mono without turning off the 
lamp driver, pin 1 should be taken below 4V. This is a high im- 
pedance input that can be electronically switched by a 
transistor with a pull up resistor to the 1C supply. 

Outputs 

The LM1870 has emitter-follower outputs resulting in a low 
output impedance. The output wll sink or source one mA, 
therefore it will drive AC coupled loads greater than 2 kQ. 

In AM-FM radios the switching can be cumbersome at best. 
To ease the problem the outputs of the LM1870 (pins 12 and 
13) are open circuit when the supply (pin 3) is open or 
grounded. This reduces the numbered switch poles re- 
quired since the outputs can remain connected at all times. 
This technique is commonly called diode switching but the 
method used in the LM1870 results in substantially lower 
distortion than obtained with discrete diodes. 
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Application Hints 

vco 

The stereo performance of the LM1870 is very constant for 
small (<2%) changes in the free running frequency of the 
VCO. To insure that the frequency stays within 2%, low 
temperature coefficient components should be used for 
the tuning capacitor (1000 pF) and resistor (8.2k). The inter- 
nal oscillator has a temperature coefficient of about 50 
ppm/ °C(see curve). With an NPO capacitor and a metalfilm 
resistor the total variation in the free running frequency will 
be less than 1 % over the full temperature range. Tuning the 
VCO is done by adjusting the 5 kfi potentiometer to get 19 
kHz ±50 Hz with no input on pin 2. > 

The VCO frequency is monitored at pin 16 when current is 
supplied to the pin. During normal operation the 19 kHz 
square wave is not available and the resistor from pin 16 to 
ground programs the blend characteristics (see curves). 

The VCO of the LM1870 can be stopped by taking pin 4 low. 
In addition to being useful for turning off the stereo in- 
dicator and forcing mono FM reception, this also allows 
other mono sources, such as AM, to be fed into the decoder 
and come out both channels. The signal will not be in- 
advertently decoded with the VCO off and it will have the 
same gain and balance characteristics as the FM. The de- 
emphasis capacitors may need to be removed for proper 
frequency response. The voltage on pin 20 will also affect 
the frequency response. 

It should be noted that a stopped VCO cannot radiate into 
the rest of the radio and cause interference. Pin 4 can be 
taken low with a mechanical switch or an NPN transistor. If 
a transistor is used it must have low leakage, less than 
100 nA at 3 volts V CE , and low saturation, less than 
200 mV at 100 ^A collector current. 

PLL 

To properly demodulate the L-R signal the decoder must 
generate a 38 kHz signal that is locked in phase with the 19 
kHz pilot signal at the input. This is done with a phase 
locked loop consisting of a phase detector, a loop filter 
(pins 6 and 7) and a VCO (pins 8 and 9). 

The loop filter is similar to other standard decoders 
howeverthe VCO incorporates an additional low pass filter 
(4.7 nF and 33 kfi) to reduce beat note distortion an addi- 
tional 20 dB. 


There are two inputs to the LM1870, one for the PLL (pin 2) 
and the normal audio input (pin 19). The input impedanceof 
the audio input is about 40 kfi. The input coupling capacitor 
works with this input resistance and sets the low frequency 
response and separation. 

The PLL input (pin 2) locks onto the 19 kHz pilot and rejects 
the rest of the composite signal. For this reason it is only 
necessary to use a coupling capacitor large enough to 
insure there is no phase shift at 19kHz.The input resistance 
of the PLL is 14 kfi so a capacitor between 0.01 ^F and 0.1 ^F 
would be fine. However, the. source driving this input must 
not be affected by this load. This is true only when the 
source is low impedance (less than lOOfi). 

Typical FM IF circuits havedetector output impedanceof 5 
kfi or more. This will cause very poor low frequency 
response and separation unless the loading is made con- 
stant over frequency. For this reason the typical input cou- 
pling capacitor is 2 juF. 


The separation in most radios is limited by the response of 
the IF. The input lead network below can often be used to 
improve radio separation. 

IF Correction Lead Network 



The LM1870 is designed to work on supplies from 7V to 15V. 
For automotive applications a regulator is recommended 
to protect against transients; the LM2930-8V is the ideal 
choice. 


Input Interface 


IF Correction 


Power Supply 
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National 

Semiconductor 


Audio, Radio and TV Circuits 


LM1877 Dual Power Audio Amplifier 


General Description 

The LM1877 is a monolithic dual power amplifier 
designed to deliver 2W/channel continuous into 8f2 
loads. The LM1877 is designed to operate with a low 
number of external components, and still provide 
flexibility for use in stereo phonographs, tape recorders 
and AM-FM stereo receivers, etc. Each power amplifier 
is biased from a common internal regulator to provide 
high power supply rejection, and output Q point cen- 
tering. The LM1877 is internally compensated for all 
gains greater than 10, and is a pin-for-pin replacement 
for the LM377 in audio applications. 

Features 

■ 2W/channel 

■ —65 dB ripple rejection, output referred 

■ —65 dB channel separation, output referred 


■ Wide supply range, 6— 24V 

■ Very low cross-over distortion 

■ Low audio band noise 

■ Internal current limiting, short circuit protection 

■ Internal thermal shutdown 

Applications 

■ Multi-channel audio systems 

■ Stereo phonographs 

■ Tape recorders and players 

■ AM— FM radio receivers 

■ Servo amplifiers 

■ Intercom systems 

■ Automotive products 


Connection Diagram 


Dual-ln-Line Package 



Order Number LM1877N-XX (N-1 through N-10) 
See NS Package N14A 

Equivalent Schematic Diagram 
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Absolute Maximum Ratings 


Supply Voltage 

LM1877N-1 to LM1877N-4 
LM1877N-5 to LM1877N-10 
Input Voltage 
Operating Temperature 
Storage Temperature 
Junction Temperature 
Lead Temperature (Soldering, 10 seconds) 


20V 
26V 
±0.7V 
0°C to +70° C 
-65°C to +150°C 
150°C 
300° C 


Electrical Characteristics v s = 20V, t a = 25°c, r l = sn, a v = 50 04 dB> unless otherwise specified 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

Po = 0W 


25 

50 

mA 

Output Power 

THD = 10% 





LM1877N-1 

Vs= 12V, Rl = 4£2 

2.0 



W 

LM1877N-2 

V S = 14V, R L = 8£2 

1.0 



W 

LM1877N-3 

Vs= 14V, R[_= 8£2 

1.5 



W 

LM1877N-4 

V S = 14V, R L = 8ft 

2.0 



W 

LM1877N-5 

Vs= 16V, Rl = 8f2 

1.5 



w 

LM1877N-6 

V$ = 16V, R|_ = 812 

2.0 



w 

LM1877N-7 

Vs= 16V, Rl = 8 ft 

2.5 



w 

LM1877N-8 

V§ = 18V, R[_ = 8S2 

3.5 



w 

LM1877N-9 

Vs = 20V, R L = 8£2 

2.0 



w 

LM1877N-10 

' 

V S = 20V, R L = 8£2 

4.0 



w 

Total Harmonic Distortion 






LM1877 

f = 1 kHz, V S = 14V 


0.075 




PO = 50 mW/Channel 


0.045 


' % 


Po = 500 mW/Channel 


0.055 


% 


PO= IW/Channel 


V S — 6 


% 

Output Swing 

R|_ = 8S2 




Vp-P 

Channel Separation 

Cp = 50 fjiF, C||\| = 0.1 fiF, f = 1 kHz, 






Output Referred 






Vs = 20V, Vo = 4 Vrms 

-50 

-70 


dB 


Vs = 7V, Vo = 0.5 Vrms 


-60 


dB 

PSRR Power Supply 

Cp = 50 /iF, C|N = 0.1 txF, f = 120 Hz, 





Rejection Ratio 

Output Referred 






Vs = 20V, Vripple = 1 Vrms 

-50 

-65 


dB 


Vs = 7V, Vripple = 0.5Vrms 


-40 


dB 

Noise 

Equivalent Input Noise 






«S = 0. C||\| = 0.1 /uF, BW = 20 Hz-20 kHz 


2.5 


mV 


Output Noise Wideband 






RS = C|N = 0. 1 fiF. A v = 200 


0.80 


mV 

Open Loop Gain 

R S = 0, f = 100 kHz, R|_ = 8f2 


70 


dB 

Input Offset Voltage 



15 


mV 

Input Bias Current 

< 


1 

50 


nA 

Input Impedance 

Open Loop 

9 

4 

11 

Mf2 

DC Output Level 

V S = 20V 


10 


V 

Slew Rate 

, 


2.0 


V/jxs 

Power Bandwidth 



65 


kHz 

Current Limit 



1.0 

1 

A 


Note 1: For operation at ambient temperature greater than 25°C, the LM1877 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. 
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LM1877 



Typical Performance Characteristics 


Device Dissipation vs 
Ambient Temperature 



Power Supply Rejection Ratio 
(Referred to the Output) vs 



10 100 Ik 10k 


FREQUENCY (Hz) 


Power Supply Rejection Ratio 
(Referred to the Output) vs 



10 100 Ik 10k 

FREQUENCY (Hz) 


Power Supply Rejection Ratio 
(Referred to the Output) vs 



6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 


Channel Separation (Referred 


to the Output) vs Frequency 



FREQUENCY (Hz) 


Channel Separation (Referred 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Average Supply Current vs 

Pout 



0 0.5 1 1.5 2 

POWER OUTPUT (W/CHANNEL) 


Total Harmonic Distortion 



10 100 . Ik 10k 100k 

FREQUENCY (Hz) 


Total Harmonic Distortion 
vs Frequency 



FREQUENCY (Hz) 



Power Dissipation (W) 
Both Channels Operating 



0 1 2 3 4 5 

POWER OUTPUT (W/CHANNEL) 


Open Loop Gain vs 



Ik 10k 100k 

FREQUENCY (Hz) 


Output Swing vs Supply 
Voltage 



0 5 10 15 20 25 


SUPPLY VOLTAGE (V) 
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National 
Semiconductor 

LM1880 No-Holds Vertical/Horizontal 


Audio, Radio and TV Circuits 


General Description 

o 

The LM1880 uses compatible Linear/I L technology to 
produce the first T.V. horizontal and vertical processing 
system which completely eliminates the hold controls. 
The heart of the system is a precision 32 times horizontal 
frequency VCO which is designed to use a low-cost 
ceramic resonator as a tuning element. 

The VCO signal is divided down in the horizontal section 
to produce a pre-driver output which is locked to 
negative sync by means of an on-chip phase detector. 
The vertical output ramp is injection-locked by vertical 
sync subject to a sync window derived from the vertical 
countdown section. A gate pulse centered on the chroma 
burst is also provided. 


Features 

■ No frequency set-up required for horizontal or vertical 

■ Ceramic resonator frequency reference 

■ Accurate horizontal pre-driver duty cycle 

■ Vertical sync window referenced to horizontal 

■ Precise interlaced vertical output 

■ APC loop parameters completely adjustable 

■ Vertical retrace time adjustable 

■ Chroma burst gate output 

■ Internal voltage regulator 


Block Diagram 



BURST 

GATE 

OUT 


VERTICAL 

RETRACE 

TIMING 


HORIZ 
OUT ' 


VERTICAL 

OUT 


Test Circuit 
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Absolute Maximum Ratings 

Supply Current (Pin 9) 40 mA Sawtooth Input Voltage (Pin 1) 5Vp-p 

Output Voltage (Pins 8, 12, 13) 12V Package Dissipation, Ta = 25°C 0.83W 

OutputCurrent Above Ta = 25° C, Derate Based on 

Pin 8 50 m A Tj(MAX) = 150°C and 0 ja = 150°C/W 

Pin 12 15 mA Storage Temperature Range -55°C to +150°C 

Pin 13 10 mA Operating Temperature Range ' 0°C to +70°C 

Sync. Input Voltage (Pins 10, 14) 5 Vp-p Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Test circuit, allSW normally pos, 1 ,Ta= 25°C) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Regulated Voltage (Pin 9) 


8.2 

8.7 

9.2 

V 

Supply Current (Pin 9) 

SW 7 Pos. 2 

12 

18 

24 

mA 

VCO Reference Voltage (Pin 3) 



5.1 


V 

VCO Control Current (Pin 2) 

> 

in 

ii 

CM 

> 


0.25 

1.0 

juA 

Horizontal Phase Detector Sink Current 

SW 1, SW 4 Pos. 2, VI = 3.9V, 

0.3 

0.5 


mA 

(Pin 2) 

V2=5V 





Horizontal Phase Detector Source Current 

SW 1 , SW 4 Pos. 2, VI = 1.9V, . 

0.3 

0.5 


mA 

(Pin 2) 

V2 = 5V 





Horizontal Output Leakage (Pin 8, OFF 

Change SW 3 to Pos. 2 with Pin 8 High 



150 

juA 

Condition) . 






Horizontal Output Saturation Voltage 

Change SW 3 to Pos. 2 with Pin 8 Low 


0.15 

0.4 

V 

(Pin 8, ON Condition) 






Vertical Output Saturation Voltage 

SW 3, SW 5 Pos. 2 


0.25 

0.5 

V 

(Pin 12) 






Burst Gate Saturation Voltage (Pin 13) 

SW 1 , SW 4 Pos. 2, VI = 1.9V 


0.15 

0.4 

V 

Horizontal Oscillator Free-Running 

SW 2 Pos. 2 

15,550 

15,750 

15,950 

Hz 

Frequency (Pin 8), (Note 1) 






Horizontal Oscillator Maximum Frequency 

V2 = 7V 

16,300 



Hz 

(Pin 8) 






Horizontal Oscillator Minimum Frequency 

V2 = 3V 



15,150 

Hz 

(Pin 8) 






Vertical Minimum Lock Frequency (Pin 12) 

fH = 15,734 Hz 



58.1 

Hz 

Vertical Maximum Lock Frequency (Pin 12) 

SW 6 Pos. 2, fH = 15,734 Hz 

61.7 



Hz 

Note 1: Assumes ceramic resonator fp * 503.48 kHz. 






Design Parameters (Application circuit) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Horizontal Pull-In Range 


1 

■ 

±600 


Hz 

Horizontal Static Phase Error (S.P.E.) : 

Afn = ±600 Hz 


±0.5 


Ms 

Horizontal Output Duty Cycle 



50 


% 

Horizontal Oscillator Supply Sensitivity 



-1 


Hz/V 

Vertical Output Retrace Time 



600 


MS 

Burst Gate Width 

Flyback Width = 12 ms 


5 


Ms 
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Typical Performance Characteristics 

VCO Control Characteristic 


Horizontal Free-Running 
Frequency vs Temperature 




14 14.5 15 15.5 16 .16.5 17 -25 0 25 50 75 100 

HORIZONTAL FREQUENCY (kHz) AMBIENT TEMPERATURE (°C) 



*MuRata Corporation of America, Part No. FX-1028, Vernitron Corp. VTFA3-01 -503.5 

Printed Circuit Layout 

(COMPONENT SIDE) 



H. FLYBACK 

COMP SYNC 

BURST GATE 

V. OUTPUT 

24V 

B. OUTPUT 


GROUND 



LM1880 


External Components (Application Circuit) 


Component 

Typical 

Value 

Comments 

Component 

Typical 

Value 

Rgl 

30k 

Burst Gate series resistor. 

c t 

0.05 juF 

Rg2 

1.5k 

Burst Gate shunt resistor, 
works with R g i to divide fly- 
back pulse and set Burst Gate 
amplitude. 






Rq2 

Vb.G. pk" _ _ VFLYBACK 

Ro 

C 0 

2k 

130 pF 



Rgl + R g2 



Rf 

3.9k 

Flyback Sawtooth integrator 
resistor, works with Cf to inte- 
grate flyback pulse to 1 Vp-p 

R s 

51012 



min sawtooth. For Cf = 

0.1 juF, 

c L 

lOOOpF 


w 85VFLYBACK 

V SAW p-p ~ 


Cf 

0.1 mF 

Flyback Sawtooth integrator 
capacitor. 

Rr 

51012 

Cl 

0.1 juF 

Sawtooth input coupling capa- 
citor. 



Rh 

7.5k 

Horizontal Sync input 
coupling resistor. 

Rh = 0.4 x VsYNC p-p 



Ch 

510 pF 

Horizontal Sync input 
coupling capacitor, blocks 
vertical sync components. 

C9 

0.1 mF 

Rv 

16k 

Vertical sync input integrator 

Rd 

1.2k 



resistor. 

*Cv 

0.05 juF 

Vertical sync input integra- 
tor capacitor, works with R v 
to integrate composite sync 
to —2 Vp-p min pulse. For 

N.T.S.C. sync, Vert, sync =* 

1.4 xIO -4 

C2 

0.01 fiF 



_ (Comp, sync) Vp-p 





R V C V 



CIO 

0.1 juF 

Vertical sync coupling capa- 

Rx 

3.3k 



citor. 

Ry 

100k 

Rt 

16k 

Vertical Retrace timing 

c c 

IMF 


resistor. 


Comments 

Vertical Retrace timing capa- 
citor, works with Rt to deter- 
mine ON time of vertical 
ramp switch at pin 12. 
t\/. RETRACE — 0.75 RfC^ sec. 
Oscillator phase shift resistor. 
Works with R 0 to produce 
45° lag required by VCO 
phase shifter. 

Defines Q of ceramic resona- 
tor tuned network, which 
affects VCO control curve. 
Completes VCO loop with 
phase lag, required to sustain 
oscillation and suppress 
resonator overtones. 

Series resistor to device supply 
pin 9. Must supply sufficient 
current to activate internal 
shunt regulator. 

R r _ v (unreg) - 9V ^ 


Device supply decoupling capa- 
citor. 

Horizontal pre-driver output 
resistor, supplies base current 
to Horizontal driver transistor 
when pin 8 is OFF. 

Horizontal APC loop filter 
high frequency roll-off. C2 
also prevents signal on loop 
filter from saturating phase 
detector output. 

R x , Ry and C c form the 
Horizontal APC loop filter. 

See Applications Information 
to modify loop parameters. 
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Applications Information 

I. VERTICAL COUNTER 


The vertical counter in the LM1880 replaces the conven- 
tional vertical oscillator in a television reciever. The 
vertical lock-in range is governed by the width of the 
vertical sync window, which opens from count 510 to 
count 542 following a vertical reset. The vertical lock 
frequencies are referenced to twice horizontal fre- 
quency to insure interlaced vertical and horizontal 
outputs. For fHORIZ = 15,734 Hz, the vertical lock 
frequencies are calculated as follows: 


fy. HIGH = 


fy.LOW s 


2 (15,734) 
510 

2 (15,734) 
542 


61.7 Hz. 


58 Hz. 


In virtually all standard and non-standard sync signals 
the vertical sync is also derived from the horizontal, 
so that as long as the horizontal sync frequency is 
within the pull-in range of the LM1880 (approximately 
±600 Hz), the vertical lock window will remain centered 
on the vertical sync. Thus, the effective vertical lock 
range is increased by the horizontal APC: 

2 (15,734 + 600) 

fy. HIGH (EFF) = — = 64 Hz. 

510 

2(15,734-600) 

fV. LOW (EFF) = — = 55.8 Hz. 

The time required for the vertical to "roll-thru" and lock 
is a function of the difference frequency and relative 
phase of fy. LOW and the vertical sync: 


I 

tROLL-THRU (AVG) = — 


I 

= 250 ms 

60 - 58 Hz 


II. HORIZONTAL APC LOOP PARAMETERS 

The following information is given to provide a basis for 
modifying the filter to achieve the desired loop perfor- 
mance. Although the VCO is actually running at 
503.5 kHz, for convenience all parameters are referenced 
to the actual horizontal output frequency at pin 8. 

DC Loop Gain 

The DC loop gain is the product of the phase detector 
conversion gain (/i) and the VCO sensitivity (|3). For the 
typical application circuit, 

= 1.6 x 10“4 R y V/Rad 
and 

0 = 800 Hz/V 

M0 = 0.13 R y Hz/Rad 

for R y = 100 k n, = 13,000 Hz/Rad 

In order to determine static phase error (S.P.E.), the 
loop gain may be expressed in Hz/fis: 


13,000 x 2n 
63.5 /is 


1,286 Hz/jus 


For comparison, this value is nearly double the loop 
gain of the LM1391. The increased loop gain (reduced 
phase error) guarantees accurate centering of the burst 
gate pulse on pin 13 of the LM1880. 


The following equations cover AC loop parameters of 
interest: 


Noise Bandwidth 


f NN — 


1+27T(R2/R y ) C c juj3 
4R x C c ~ 


Hz 


Damping Factor 

t r R? 

K = C c /i0 

2 R v 


Pull-In Range 

The pull-in and hold-in range of the LM 1880 horizontal 
APC loop are directly determined by the VCO control 
range. Thus the loop would be capable of pulling the 
VCO further than ±600 Hz, but it has well defined 
frequency limits which prevent it from doing so. As a 
result of these built-in "stops", the loop parameters may 
be varied over a large range without affecting pull-in 
performance. 


The VCO control range, and hence pull-in, can be modi- 
fied to some extent by varying the Q of the ceramic 
resonator with resistor R s : 

Incr. R s Incr. Pull-in 
Reduce R s -* Reduce Pull-in 

However, because of the non-linearity of the resonator, 
R s has a much greater effect on the negative side pull-in 
than the positive side. 

III. LAYOUT NOTES 


Since the LM1880 uses a counter to derive the horizontal 
frequency, care must be taken to prevent extraneous 
signals from the horizontal driver and output stages from 
feeding back to the VCO where they could cause false 
counts and consequent severe phase jitter. The following 
guidelines will prevent this problem from occurring: 

A. Keep the VCO feedback capacitor, C(_, as close as 
possible to device pins 6 and 7. 

B. Limit the lead length on the horizontal output pin 8. 
If a long line is required to the driver base, isolate it 
with a small series resistor (200— 300^) next to 
pin 8. 
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Circuit Description (See Schematic Diagram) 


The LM1880 uses a phase-shift type voltage-controlled 
oscillator (VCO). The gain for the oscillator loop is 
derived from differential amplifiers Q30, Q31 and Q22, 
Q23. The collector current in Q23 is phase-shifted 
45° at pin 5 and summed with a portion of the current 
in Q22, controlled by differential amplifier Q20, Q21. 
The resulting output phase at pin 4 coupled through 
the ceramic resonator to pin 6 defines the oscillation 
frequency. Differential amplifier Q16, Q17, controlled 
by the pin 2 voltage, determines the current split in Q20 
and Q21 and, consequently, the pin 4 phase and oscilla- 
tion frequency. The multiple-emitter degeneration in 
Q17 compensates the resonator phase characteristic to 
produce a nearly linear VCO control curve. 

The 503.5 kHz output of the VCO is taken from squaring 
amplifier Q32, Q33 through Q34 and Q35 to the 1 2 L 
-M6 pre-scaler TO— T3. The 2fn output is then divided 
again in T4 to produce the desired horizontal frequency 
at gate G8. The horizontal pre-driver section consists of 
Q3, Q4 and Q5, which produce an open-collector output 
square-wave at pin 8. 

The 2fn pre-scaler output also drives a data flip-flop 
which resets the vertical counter FI— F9. The data input 
of the reset flip-flop is controlled by the vertical sync 
from pin 10 subject to gates G3 and G5. After 510 2fn 
cycles following reset, vertical sync from Q1 and G4 is 
enabled by G3. A sync pulse received after this time 
initiates reset on the next 2fH cycle. If no pulse is 
received after 542 cycles, G5 will initiate the reset 
process. A reset pulse from the counter is taken via 
G9 to the retrace timing section. SCR Q8, Q9 is normally 


ON, holding a capacitor on pin 11 near ground. During 
this time Q11 and Q12 are OFF, allowing the vertical 
ramp to form on pin 12. When the reset pulse is received, 
Q7 turns Q8, Q9 OFF and Q11, Q12 ON, discharging 
the vertical ramp for the duration of the retrace time. 
Retrace is completed when the pin 11 capacitor charges 
to the Q8 threshold, and the SCR again latches. 

The remaining sections of the device are the horizontal 
phase detector and burst gate former. The balanced 
phase detector consists of comparator Q43, Q44 and 
current source Q39 gated by differential amplifier Q41, 
Q42. Negative horizontal sync pulses on pin 14 enable 
the comparator, and the flyback sawtooth on pin 1 
switches the current from Q43 to Q44 based on the 
relative phase between the sync and sawtooth. Q44 
takes a (— ) current pulse from pin 2, while the pulse in 
Q43 is turned around in the current mirror Q45, Q46 
and Q47 to produce a (+) current pulse at pin 2. These 
currents are then integrated by the external loop filter 
to control the VCO. 

The flyback sawtooth also switches differential amplifier 
Q49, Q50, which activates the burst gate. During the 
first half of the flyback pulse Q49 will be ON, which 
turns Q51 and Q52 ON and clamps pin 13 near ground. 
The sawtooth switches Q49, Q51 and Q52 OFF at the 
peak of the flyback, releasing pin 13. In this manner, 
the second half of a flyback pulse fed to pin 13 can be 
used as a burst gate. 

Q53, Q54 and Q55 form the active shunt regulator 
which holds the supply pin 9 at 8.7V typ. 
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LM1886 



National 

Semiconductor 


Audio, Radio and TV Circuits 


LM1886 TV Video Matrix D to A 


General Description 

The LM1886 is a TV video matrix D to A converter 
which encodes luminance and color difference signals 
from 3-bit red, green .and blue inputs. The luminance 
output is encoded from the NTSC equation Y = 0.3R + 
0.59G +0.1 IB and the R-Y and B-Y outputs are weighted 
to prevent over-modulation. A built-in R-Y and burst 
gate polarity switch allow European PAL compatible 
signals to be encoded. All output levels including an 
RF O Carrier Bias Voltage have been referenced to 5V 
for direct connection to the LM1889 TV video modu- 
lator. When used in combination with the LM1889 and 
a suitable sync generator, 3-bit R, G and B information 
may be encoded to both composite video and RF 
channel carrier. 


Features 

■ Complete digital to RF encoding with LM1889 

■ 1 -pin PAL/NTSC mode select 

■ True NTSC matrix 

■ 8 levels of grey scale 

■ Allows wide range of colorimetry 

■ Low power TTL inputs 

■ Wideband luminance output 

■ Weighted R-Y, B-Y outputs 


Connection Diagram Test Circuits 



Order Number LM1886N 
See NS Package N20A 




FIGURE 2b. 8-LeveKGrey Scale Input Connection 
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Absolute Maximum Ratings 





Supply Voltage 






Pin 5 

15V 





Pin 20 

6V 





Input Voltage (Pins 1 , 8, 9, 11—19) 

-0.5V, +12V 





Pin 2 Voltage Relative to Pin 20 

0.8V 





Output Current 

5 mA 





Power Dissipation, Ta = 25°C (Note 1) 1.67 W 





Storage Temperature Range 

— 55°C to +150°C 





Operating Temperature Range 

0°C to 70° C 





Lead Temperature (Soldering, 10 seconds) 300°C 





Electrical Characteristics t a = 25 °c, (, Figure 2 , Note 2 ) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

5V Supply Current (Pin 20) 

BLANK = 0.8V 

7 

11 

16 

mA 

12V Supply Current (Pin 5) 

BLANK = 0.8V 

9 

13 

17 

mA 

Logic "1" Input Current 

Input Voltage = 5.0V 


0 

10 

MA 

(Pins 1,2,8, 9, 11-19) 






Logic “0" Input Current 

Input Voltage = 0.3V 


- 0.01 

-0.18 

mA 

(Pins 1,2,8, 9, 11-19) 






Output Offsets 

R, G, B = 0.8V 





AVy 

- 


0 

±50 

mV 

AVr.y 



0 

±50 

mV 

AVb-Y 



0 

±50 

mV 

R-Y Full Scale, (AVr.y)FS 

R = 2V; G, B = 0.8V 

1.0 

1.23 

1.4 

V 

B-Y Full Scale, (AVb-Y)FS 

B = 2V; R, G = 0.8V 

0.7 

0.87 

1.0 

V 

Green Full Scale 

G = 2V: R, B = 0.8V 





AVr.y 


-0.85 

-1.03 

-1.2 

V 

av B -y 


-0.45 

-0.58 

-0.7 

V 

Y Full Scale 

R, G, B = 2V 





(avy)fs 


1.6 

1.75 

1.9 

V 

AVr.y 



0 

±100 

mV 

AVb-Y 



0 

±75 

mV 

0 Carrier Reference, AVo 


2.0 

2.2 

2.5 

V 

Blanking Level, AVy 

BLANK = 0.8V 

l 

1 

0 

±50 

mV 

Sync Level, AVy 

BLANK, SYNC = 0.8V 

-0.67 

-0.77 

-0.87 

V 

NTSC Burst, AVr-Y 

BLANK, BURST GATE = 0.8V 

-0.26 

-0.35 

-0.46 

V 

PAL Burst 






AVr.y 

SW in PAL Position; 

-0.2 

-0.25 

-0.32 

V 

AVb-Y 

BLANK, BURST GATE, 

-0.2 

-0.25 

-0.32 

V 


H/2 = 0.8V 





PAL Inversion Ratio 

R = 2 V; G, B, H/2 = 0.8V 

-0.9 

- 1.0 

-1.1 


(avr.y)pal/(avr.y)fs 

SW to PAL Position 





Y Linearity Error 

Figure 2b Input Connection 


±1 

±6 

%FS 

Y Switching Times 

15 kHz Square Wave Switching 






R, G, B in Parallel 





Rise Time, tR 



35 


ns 

Fall Time, tf 



30 


ns 

Settling Time ±1 LSB 



50 


ns 

Note 1: Above T^ 55 25°C, derate based on Tj(max) = 150°C and dj/\ = 75°C/W. 





Note 2: Unless otherwise noted, BLANK, SYNC, BURST GATE = 2V and SW is in NTSC position. All outputs are referenced to the +5V supply 

as shown in Figure 2a. 
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Typical Input and Output Waveforms 

BLANK-, 2.0V MIN 

INPUT 

(PIN 9) 0.8V MAX 


LJ" 



Application Notes (Refer to Figure 3) 

sync; BLANK, and BURST GATE may be obtained 
from a sync generator 1C similar to MM5320 or MM5321. 

' For PAL operation, the H/2 square wave may be ob- 
tained by a -r 2 from horizontal sync. 

All inputs are low-power TTL compatible. Because 
of the very low typical input currents, the color inputs 
may be paralleled in various combinations. For simple 
color requirements, the Figure 2a input connection 
may be used to produce the 6 primary and comple- 
mentary colors listed in Table I, along with black and 
white. To add complex colors such as those at the bottom 
of Table I, all 9 input bits may be required separately. 
When choosing input codes for other colors, always 
check the new color against both light and dark back- 
grounds. 

All outputs are referenced to the +5V supply for direct 
connection to the LM1889. The resistor on the lumi- 
nance output pin 6 is used to sum the chroma subcarrier 
from the LM1889 and must be wired as tightly as 
possible to preserve the video bandwidth. For the 
addition of sound or a second RF channel, refer to 
the LM1889 data sheet. 


TABLE I. INPUT CODE EXAMPLES FOR COMMON 
COLORS 





INPUT CODE | 




RED 

GREEN 

BLUE 



COLOR 

M 


L 

M 


L 

M 


L 



Black 

0 

0 

0 

0 

0 

0 

0 

0 

0 



Dark Grey 

0 

1 

0 

0 

1 

0 

0 

1 

0 



Light Grey 

1 

0 

1 

1 

0 

1 

1 

0 

1 



White 

1 

1 

1 

1 

1 

1 

1 

1 

1 



'Red 

1 

1 

1 

0 

0 

0 

0 

0 

0 


1 

Green 

0 

0 

0 

1 

1 

1 

0 

0 

0 


ci 

[.Blue 

0 

0 

0 

0 

0 

0 

1 

1 

1 

& 

> 

fCyan 

0 

0 

0 

1 

1 

1 

1 

1 

1 

Q. 

E 

O 

ro 

c 1 

03 

E 

Magenta 

[Yellow 

1 

1 

1 

1 

1 

1 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

1 

0 



Brown 

0 

1 

1 

0 

1 

1 

0 

0 

0 



Orange 

1 

1 

1 

1 

0 

0 

0 

0 

0 



Flesh tone 

. 1 

1 

1 

1 

1 

0 

.1 

0 

1 



Pink 

1 

1 

,1 

1 

1 

0 

1 

1 , 

.0 



Sky Blue 

1 

0 

1 

, 1 

0 

1 

1 

1 

1 


10-122 



Typical Application 


I LOW-VHF 1ZV 

CHANNEL Q 

/ OUTPUT I 

75 0.001 pF K 

T r~v Mm . ii 


* VIDEO OUTPUT 

240 

r 




NTSC 

PAL 


XTAL 

3.5795 

4.4336 

MHz 

C 

43 

36 

pF 


Circuit Description (Refer to Figure 4) 


FIGURE 3 


The 3-bit red, green, and blue inputs go to identical 
3-bit current-mode digital-to-analog converters (DACs). 

Each DAC consists of three binary-weighted current 
sources controlled by diff-amp current switches. The 
DAC output currents are arbitrarily given a weighting 
factor of 0.59, which is the green coefficient in the 
luminance equation. Portions of the red and blue 
currents are split off, so that the remaining currents 
combined with the green current form the luminance 
current ly = 0.3 Ir + 0.59 Iq + 0.11 Ir. ly develops 
the luminance voltage Vy across Ro in a summing 
amplifier referenced to the +5V supply. A current 
switch operated by pin 8 adds (-) sync pulses to the 
Y output at pin 6. 

The portions of red and blue currents previously split 
off flow through resistors Ro/0.29 and Rq/ 0.48, 
which are weighted to form the red and blue voltages 
respectively. Since the opposite ends of the 2 resistors 
are connected to Vy, the red and blue voltages across 
the resistors subtract from Vy to develop the color 
difference voltages Vy.R and Vy.R. Vy.R is coupled 
through a X.56 gain, 5V-referenced inverting amplifier 
to the B-Y output at pin 4. Vy.R feeds parallel inverting 
and non-inverting unity gain amplifiers which allow 
either polarity to be coupled to the R-Y output pin 3. 
Switching between the 2 amplifiers is controlled by 
a current switch activated by the H/2 pin 2. A {— ) burst 
gate pulse on pin 1 controls current switches which 
add the burst pulse components to the B-Y and R-Y 
outputs. 
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The requirements for PAL and NTSC encoding differ 
in the areas of burst gate operation and R-Y polarity, 
both of which are controlled via pin 2 as follows: 

PAL, pin 2 fed by a half-line frequency TTL square 
wave— in this mode a PNP switch between pin 2 and 
+5V is held off continuously,- which results in equal 
burst pulse components on the B-Y and R-Y outputs. 
In addition, the H/2 square wave causes the R-Y 
output polarity to reverse every line. (When fed 
to the LM1889 chroma modulator this causes the 
phase of the R-Y subcarrier to change 180° as re- 
quired in PAL.) 

NTSC, pin 2 tied through an external resistor to 
+12V— this turns on the PNP switch continuously, 
which eliminates the burst pulse on the R-Y output 
and increases the amplitude of the B-Y pulse. Since 
pin 2 is being held high, the R-Y output is locked 
in the positive polarity. 

Blanking is activated by a low on pin 9, which de-biases 
the left side of the DAC diff-amps, so that Ir = Ig = 
Ir = 0 independent of the input states. When blanked, 
the Y, B-Y and R-Y outputs all go to +5V. An additional 
amplifier produces a 0 carrier reference voltage at 
pin 7 which is 25% above the peak white voltage on 
the Y output, relative to +5V. 


10 


LM1886 




10-124 


LM1886 



S 


S 

(D 

3 

(/> 
O 
3 - 
<D 

3 

fi> 












National 
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Audio, Radio and TV Circuits 


LM1889 TV Video Modulator 


General Description 


The LM1889 is designed to interface audio, color 
difference, and luminance signals to the antenna termi- 
nals of a TV receiver. It consists of a sound subcarrier 
oscillator, chroma subcarrier oscillator, quadrature 
chroma modulators, and RF oscillators and modulators 
for two low-VHF channels. 

The LM1889 allows video information from VTR's, 
games, test equipment, or similar squrces to be displayed 
on black and white or color TV receivers. When used 
with the MM57100 and MM53104, a complete TV game 
is formed. 


Features 

■ dc channel switching 


12V to 18V supply operation 


Excellent oscillator stability 


Low intermodulation products 


5 Vp-p chroma reference signal 


May be used to encode composite video 



Order Number LM1889N 
See NS Package N18A 
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Absolute Maximum Ratings 

Supply Voltage VI 4, VI 6 max 19Vdc 

Power Dissipation Package (Note 1) 1390 mW 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -55°C to +1 50°C 

Chroma Osc Current I -J 7 max lOmAdc 

(V16— V15) max ±5V dc 

(V14-V10) max 7V 

(V14— V1 1) max 7V 

Lead Temperature (Soldering, 10 seconds) 300° C 


DC Electrical Characteristics (dc Test Circuit, All SW Normally Pos. 1 , Va = 15V, Vb = Vc = 12 V) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 


Supply Current, Is 

• 

20 

35 

45 

mA 

Sound Oscillator, Current Change, Al -j 5 

Change Va From 12.5V to 

17.5V 

0.3 

0.6 

0.9 

mA 

Chroma Oscillator Balance, VI 7 


9.5 

11.0 

12.5 

V 

Chroma Modulator Balance, VI 3 


7.0 

7.4 

7.8 

V 

R-Y Modulator Output Level, AVI 3 

SW 3, Pos. 2, Change SW 1 

From Pos. 1 to Pos. 2 

0.6 

0.9 

1.2 

V 

B-Y Modulator Output Level, AVI 3 

SW 3, Pos. 2, Change SW 2 

From Pos. 1 to Pos. 2 

0.6 

0.9 

1.2 

V 

Chroma Modulator Conversion Ratio, 

AVI 3/A V3 

SW 3, Pos. 2, Change SW 0 

From Pos. 1 to Pos. 2. Divide 

AV13 by AV3 

0.45 

0.70 

0.95 

V/V 

Ch. A Oscillator "OFF” Voltage, V 8 , V9 

SW 4, Pos. 2 

0.5 

1.5 

3.0 

V 

Ch. A Oscillator Current Level, Ig 

V B = 12V, Vc= 13V 

2.5 

3.5 

5 

mA 

Ch. B Oscillator "OFF" Voltage, V 6 , V7 


0.5: 

1.5 

3.0 

V 

Ch. B Oscillator Current Level, 16 

SW4, Pos. 2, V B = 12V, 

V C = 13V 

2.5 

3.5 

5 

mA 

Ch. A Modulator Conversion Ratio, 

AVI 1/(V13- j V12) 

SW 1 , SW 2, SW 3, Pos. 2, 

V B = 12V, Change Vq From 

13V to 11V For AV1 1 Divide 

By V13— V12 

0.40 

0.55 

0.70 

V/V 

Ch. B Modulator Conversion Ratio, 

AV10/(V13— V12) 

All SW, Pos. 2, V B = 12V, 

Change Vq From 13V to 1 1V 

Divide as Above 

0.40 

0.55 

0.70 

V/V 


AC Electrical Characteristics (ac Test Circuit, V = 15V) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Chroma Oscillator Output Level, VI 7 

ClOAD< 20 pF 

4 

5 


Vp-p 

Sound Carrier Oscillator Level, V15 

Loaded by RC Coupling 

Network 

2 

3 

4 

Vp-P 

Ch. 3 RF Oscillator Level, V 8 , V9 

Ch. Sw. Pos. 3, f = 61 .25 MHz, 

Use FET Probe 

200 

350 


mVp-p 

Ch. 4 RF Oscillator Level, V6,.V7 

Ch. Sw. Pos. 4, f = 67.25 MHz, 

Use FET Probe 

200 

350 


mVp-p 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 90° C/W junction to ambient. 
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Design Chdrecteristics (ac Test circuit, v = isv) 


PARAMETER 

TYP 

UNITS 

PARAMETER 

TYP 

UNITS 

Oscillator Supply Dependence 



RF Modulator 



Chroma, f Q = 3.579545 MHz 

3 

Hz/V 

Conversion Gain, f = 61.25 MHz, 



Sound Carrier, RF 

See Curves 


V0UT/(V13-V12) 

10 

mVrms/V 

Oscillator Temperature Dependence (1C Only) 



3.58 MHz Differential Gain 

5 

% 

Chroma 

0.05 

ppm/° C 

Differential Phase 

3 

degrees 

Sound Carrier 

-15 

ppm/°C 

2.5 Vp-p Video, 87.5% mod. 



RF 

-50 

ppm/°C 

Output Harmonics Below Carrier 



Chroma Oscillator Output, Pin 17 



2nd, 3rd 

-12 

dB 

tRISE. 10-90% 

20 

ns 

4th and above 

-20 

dB 

IF ALL. 90-10% 

30 

ns 

Input Impedances 



Duty Cycle (+) Half Cycle 

51 

% 

Chroma Modulator, Pins 2, 4 

500k//2 pF 


(-) Half Cycle 

49 

% 

RF Modulator, Pin 12 

1 M//2 pF 


RF Oscillator Maximum Operating Frequency 

100 

MHz 

Pin 13 

250k//3.5 pF 


(Temperature Stability Degraded) 






Chroma Modulator (f = 3.58 MHz) 






B-Y Conversion Gain V13/(V4— V3) 

0.6 

Vp-p/V 




R-Y Conversion Gain V13/(V2— V3) 

0.6 

Vp-p/V 




Gain Balance 

±0.5 

dB 




Bandwidth 

See Curve 
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Typical Performance Characteristics 


Sound Carrier Oscillator 
Supply Dependence 



RF Oscillator Frequency 
Supply Dependence 



10 11 12 13 14 15 16 17 18 19 20 


SUPPLY VOLTAGE (V) 


SUPPLY VOLTAGE (V) 


Chroma Modulator 
Transconductance Bandwidth 
*OUT 13/V1 or 18 



1 2 5 10 20 50 100 

FREQUENCY (MHz) 


Chroma Modulator 
Common-Mode Input Range 
Pins 2, 3, 4 


13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 


20 

tot 

% 

m 

22 * 

20 

20 

V4 


20 

YA 

m 

Vj. 

Vj 

20 

22 

m 


20 

YA 

220 

% 

V 

2ft 

■ 

■ 


to 

YA 

% 

222 

r M 

■ 

■ 

IH 


to 

YA 

Vi 





HI 


to 

VA 

H 

H 

Hi 


IH 

IH 


2ft 

m 

mi 

Hi 

Hi 

■ 

HI 

H 


■ 

■ 

■ 

■ 

Hi 



HI 






■ 


■ 

■ 



S3 


*0 

m 

222 

1 Vj 

Vj 

20 

to 

YA 

YA 

YA 

VA 

222 

Vj 

Vj 

20 

Vj 

20 

tot 

ML 

220 

222 

*2* 

Vj 

20 

to 

YA 

YA 

YA 

VJ 

2*2 

Vj 

Vj 

*0 


10 11 12 13 14 15 16 17 18 19 20 


RF Modulator 

Common-Mode Input Range 
Pins 12, 13 (Applications Circuit) 



7?, 


yy, 

yy t 




yyy 
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yy.y 


y^ 
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yy 
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w 

vy/ 
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vszJz 

Vy 

y/z 

yy. 
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yy. 

y/ 
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SUPPLY VOLTAGE (V) 


SUPPLY VOLTAGE (V) 


Circuit Description (Refer to Circuit Diagram) 


The sound carrier oscillator is formed by differential 
amplifier Q3, Q4 operated with positive feedback from 
the pin 15 tank to the base of Q4. 

The chroma oscillator consists of the inverting amplifier 
Q16, Q17 and Darlington emitter follower Q11, Q12. 
An external RC and crystal network from pin 17 to 
pin 18 provides an additional 180 degrees phase lag back 
to the base of Q17 to produce oscillation at the crystal 
resonance frequency. (See ac test circuit). 

The feedback signal from the crystal is split in a lead-lag 
network to pins 1 and 18, respectively, to generate the 
subcarrier reference signals for the chroma modulators. 
The R-Y modulator consists of multiplier devices Q29, 
Q30 and Q21— Q24, while the B-Y modulator consists of 
Q31, Q32 and Q25— Q28. The multiplier outputs are 
coupled through a balanced summing amplifier Q37, 
Q38 to the input of the RF modulators at pin 13. 
With 0 offset at the lower pairs of the multipliers, no 
chroma output is produced. However, when either 
pin 2 or pin 4 is offset relative to pin 3 a subcarrier out- 
put current of the appropriate phase is produced at 
pin 13. 


The channel B oscillator consists of devices Q56 and 
Q57 cross-coupled through level-shift zener diodes 
Q54 and Q55. A current regulator consisting of devices 
Q39— Q43 is used to achieve good RF frequency stability 
over supply and temperature. The channel B modulator 
consists of multiplier devices Q58, Q59 and Q50— Q53. 
The top quad is coupled to the channel B tank through 
isolating devices Q48 and Q49. A dc offset between 
pins 12 and 13 offsets the lower pair to produce an 
output RF carrier at pin 10. That carrier is then modu- 
lated by both the chroma signal at pin 13 and the video 
and sound carrier signals at pin 12. The channel A 
modulator shares pin 12 and 13 buffers Q45 and Q44 
with channel B and operates in an identical manner. 

,The current flowing through channel B oscillator diodes 
Q54, Q55 is turned around in Q60, Q61 and Q62 to 
source current for the channel B RF modulator. In the, 
same manner, the channel A oscillator Q71— Q74 uses 
turn around Q77, Q78 and Q79 to source the channel A 
modulator. One oscillator at a time may be activated by 
connecting its tank to supply (see ac test circuit). The 
corresponding modulator is then activated by its current 
turn-around, and the other oscillator/modulator com- 
bination remains "OFF". 


I 
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Applications Information 

Subcarrier Oscillator 

The oscillator is a crystal-controlled design to ensure the 
accuracy and stability required of the subcarrier fre- 
quency for use with television receivers. Lag-lead net- 
works (R2C2 and C1R1) define a quadrature phase 
relationship between pins 1 and 18 at the subcarrier 
frequency of 3.579545 MHz. Other frequencies can be 
used and where high stability is not a requirement, the 
crystal can be replaced with a parallel resonant L-C 
tank circuit— to provide a 2 MHz clock, for example. 
Note that since one of the chrominance modulators is 
internally connected to the feedback path of the oscil- 
lator, operation of the oscillator at other than the 
correct subcarrier frequency precludes chrominance 
modulation. 

When an external subcarrier source is available or 
preferred, this can be used instead. For proper modulator 
operation, a subcarrier amplitude of 500 mVp-p is 
required at pins 1 and 18. If the quadrature phase shift 
networks shown in the application circuit are retained, 
about 1 Vp-p subcarrier injected at the junction of Cl 
and R2 is sufficient. The crystal, C4 and R3 are elim- 
inated and pin 17 provides a 5 Vp-p signal shifted 
+125° from the external reference. 

Chrominance Modulation 

The simplest method of chroma encoding is to define 
the quadrature phases provided at pins 1 and 18 as the 
color difference axes R-Y and B-Y. A signal at pin 2 
(R-Y) will give a chrominance subcarrier output from 
the modulator with a relative phase of 90° compared 
to the subcarrier output produced by a signal at pin 4 
(B-Y). The zero signal dc level of the R-Y and B-Y inputs 
will determine the bias level required at pin 3. For 
example, a pin 2 signal that is IV positive with respect 
to pin 3 will give 0.6 Vp-p subcarrier at a relative phase 
of 90°. If pin 2 is IV negative with respect to pin 3, 
the output is again 0.6 Vp-p, but with a relative phase 
of 270°. When a simultaneous signal exists at pin 4, the 
subcarrier output level and phase will be the vector sum 
of the quadrature components produced by pin 2 and 4 
inputs. Clearly, with the modulation axes defined as 
above, a negative pulse on pin 4 during the burst gate 
period will produce the chrominance synchronizing 
“burst" with a phase of 180°. Both color difference 
signals must be dc coupled to the modulators and the 
zero signal dc level of both must be the same and within 
the common-mode range of the modulators. 

The 0.6 Vp-p/Vd c conversion gain of the chrominance 
modulators is obtained with a 2 kft resistor connected 
at pin 13. Larger resistor values can be used to increase 
the gain, but capacitance at pin 13 will reduce the band- 
width. Notice that equi-bandwidth encoding of the color 
difference signals is implied as both modulator outputs 
are internally connected and summed into the same 
load resistor. 

Sound Oscillator 

Frequency modulation is achieved by using a 4.5 MHz 
tank circuit and deviating the center frequency via a 
capacitor or a varactor diode. Switching a 5 pF capacitor 


to ground at an audio frequency rate will cause a 
50 kHz deviation from 4.5 MHz. A 1N5447 diode 
biassed — 4V from pin 16 will give ±20 kHz deviation 
with a 1 Vp-p audio signal. The coupling network to 
the video modulator input and the varactor diode bias 
must be included when the tank circuit is tuned to 
center frequency. , 

A good level for the RF sound carrier is between 2% and 
20% of the picture carrier level. For example, if the peak 
video signal offset of pin 12 with respect to pin 13 is 
3V, this corresponds to a 30 mVrms picture RF carrier. 
The source impedance at pin 12 is defined by the 
external 2 k!2 resistor and so a series network of 15 k£2 
and 24 pF will give a sound carrier level at —32 dB to 
the picture carrier. 

RF Modulation 

Two RF channels are available, with carrier frequencies 
up tq 100 MHz being determined by L-C tank circuits at 
pins 6, 7, 8 and 9. The signal inputs (pins 12, 13) to 
both modulators are common, but removing the power 
supply from an RF oscillator tank circuit will also 
disable that modulator. 

As with the chrominance modulators, it is the offset 
between the two signal input pins that determines the. 
level of RF carrier output. Since one signal input 
(pin 13) is also internally connected to the chrominance 
modulators, the. 2 k£2 load resistor at this point should 
be connected to. a bias source within the common-mode 
input range of the video modulators. However, this bias 
source is independent of the chrominance modulator 
bias and where chrominance modulation is not used, 
the 2 kf2 resistor is eliminated and the bias source con- 
nected directly to pin 13. 

To preserve the dc content of the video signal, amplitude 
modulation of the RF carrier is done in one direction 
only, with increasing video (toward peak white) 
decreasing the carrier level. This means the active com- 
posite video signal at pin 12 must be offset with respect 
to pin 13 and the sync pulse should produce the largest 
offset (i.e., the offset voltage of pin 12 with respect to 
pin 13 should have the same polarity as the sync pulses). 

The largest video signal (peak white) should not be 
able to suppress the carrier completely, particularly if 
sound transmission is needed. For example, a signal with 
IV sync amplitude and 2.5V peak white (3.5 Vp-p — 
negative polarity sync) and a black level at 5 Vd c will 
require a dc bias of 8V on pin 13 for correct modula- 
tion. A simple way of obtaining the required offset is 
to bias pin 13 at 4 x (sync amplitude) from the sync tip 
level at pin 12. 

Composite Video Output 

When both chrominance and luminance modulation is 
being done, a simple technique can be used to check the 
chrominance to luminance ratio before modulation on 
the RF carrier. This is shown in Figure 1 where the tank 
circuit of one RF oscillator has been replaced. Pin 8 is 
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Applications Information (Continued) 



held one diode voltage drop below pin 9, thereby 
offsetting the upper rank of the modulator which now 
behaves as acascode stage for the composite video signal. 
A 1.8 k£2 resistor as a load at pin 11 gives a gain of 
about 0.5. If pin 1 1 is buffered by an external amplifier, 
composite video at 75Q can be made available for 
injection into the video stage of a TV receiver. Putting 
the diode D1 in series with pin 9 will reverse the video 
polarity. 

Split Power Supplies 

The LM1889 is designed to operate over a wide range of 
supply voltages so that much of the time it can utilize 
the signal source power supplies. An example of this is 
shown in Figure 2 where the composite video signal 
from a character generator is modulated onto an RF 
carrier for display on a conventional home TV receiver. 
The LM1889 is biased between the —12V and +5V 
supplies and pin 13 is put at ground. A 9.1 k£2 resistor 
from pin 12 to —12V dc offsets the video input signal 


(which has sync tips at ground) to establish the proper 
modulation depth — R1/R2 = V|(\|/12 x 0.875. This 
design is for monochrome transmission and features an 
extremely low external parts count. 

Frequently, the use of split power supplies will make 
matching the LM1889 to available signal generator 
outputs a simple process. Figure 3a shows the LM1889 
configured to accept the composite video patterns 
available from a Tektronix Type 144 generator that has 
black level at ground and negative polarity syncs. In this 
application the oscillator amplifier is used to provide a 
gain of two and a 10 k£2 pot adjusts the over-all dc level 
of the amplified signal. Since the generator does not 
conveniently provide the required supply voltages, a 
circuit is shown in Figure 3b that will split 15V into 
+5V and —10V. An advantage is that the supplies will 
track with the 15V source. However, once the modula- 
tion depth has been set, the supply voltage should be 
stabilized. The power supply "split" is set by the resistor 
connected to pin 1 of the LM380. 



FIGURE 1. Luminance and Chrominance Encoding Composite Video or RF Output 
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LM1896/LM2896 



National 

Semiconductor 


Audio, Radio and TV Circuits 


LM1896/LM2896 Dual Power Audio Amplifier 


General Description 


The LM1896 is a high performance 6V stereo power 
amplifier designed to deliver 1 watt/channel into 4ft or 2 
watts bridged monaural into8ft. Utilizing a unique patented 
compensation scheme, the LM1896 is ideal for sensitive 
AM radio applications. This new circuit technique exhibits 
lower wideband noise, lower distortion, and less AM radia- 
tion than conventional designs. The amplifier’s wide sup- 
ply range (3V-9V) is ideal for battery operation. For higher 
supplies (V S >9V) the LM2896 is available in an 11-lead 
single-in-line package. 

Features 

■ Low AM radiation 

■ Low noise 


■ 3V, 4ft, stereo P 0 = 250 mW 

■ Wide supply operation 3V-15V (LM2896) 

■ Low distortion 

■ No turn on “pop” 

■ Adjustable voltage gain and bandwidth 

■ Smooth waveform clipping 

■ P 0 = 9W bridged, LM2896 

Applications 

■ Compact AM-FM radios 

■ Stereo tape recorders and players 

■ High power portable stereos 


Typical Applications 



FIGURE 1. LM2896 in Bridge Configuration (A v = 400, BW = 20 kHz) 
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Absolute Maximum Ratings 

Supply Voltage 

LM1896 V S =12V 

LM2896 V s = 18V 

Operating Temperature(Notel) 0°Cto + 70°C 

StorageTemperature -65°Cto +150°C 

Junction Temperature 150 °C 

Lead Temperature(Soldering, 10 seconds) 300 °C 


Electrical Characteristics Unless otherwise specified, T a = 25°C, A v = 200(46 dB). For the LM1896, V S = 6V and 
R L =4fi. For the LM2896, V s = 12V and R L = 812. Test circuit shown in Figure 2. 


Supply Current 
Operating Supply Voltage 

Output Power 
LM1896N-1 
LM1896N-2 

LM2896P-1 

LM2896P-2 


Power Supply Rejection 
Ratio (PSRR) 

Channel Separation 


DC Output Level \ 
Input Impedance 
Input Offset Voltage 

Voltage Difference 
Between Outputs 

Input Bias Current 


Conditions 

P o = 0W, Dual Mode 

THD = 10%, f = 1 kHz 
V s = 6V, R L = 4S2 Dual Mode 
V s = 6 V, R L = 8£2 Bridge Mode 
V S = 9V, R l = 8 Q Dual Mode 
V s = 12V, R L =8Q Dual Mode 
V S =12V, R L =812 Bridge Mode 
V S = 9V, R L = 412 Bridge Mode 
V S = 9V, R L = 412 Dual Mode 

f = 1 kHz , 

P Q = 50 mW 
P 0 = 0.5W 
P D =1W 

C by =100 m F, f = 1 kHz, C 1N = 0.1 m F 
Output Referred, V R | PPLE = 250 mV 
C BY = 100 jiF, f = 1 kHz, C, N = 0.1 ^F 
Output Referred 

Equivalent input noise Rs = 0, 

C, N = 0.1 fjiF, BW = 20-20 kHz 

CCIR/ARM 

Wideband 


LM1896N-2, LM2896P-2 


LM1896 

LM2896 | 

Units 

Typ 

Max 

Min 

Typ 

Max 

15 

25 


25 

40 

mA 


10 

3 


15 

V 

1.1 





W 

2.1 





w 

1.3 





w 



2.0 

2.5 


w 



7.2 

9.0 


w 




7.8 


w 




2.5 


w 

0.09 



0.09 


% 

0.11 



0.11 


% 




0.14 


% 

-54 


-40 

-54 


dB 

-64 


-50 

-64 


dB 

1.4 



1.4 


mV 

1.4 



1.4 


mV 

2.0 



2.0 


mV 

3 

3.2 

5.6 

6 

6.4 

V 

100 

350 

50 

100 

350 

k!2 

5 



5 


mV 

10 

20 


10 

20 

mV 

120 



120 


nA^ 


Note 1: For operation at ambient temperature greater than 25 °C, the LM1896/LM2896 must be derated based on a maximum 150 °C junction temperature 
using a thermal resistance which depends upon mounting techniques. 
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LM1896/LM2896 


Typical Performance Curves 

LM2896 Device Dissipation 
vs Ambient Temperature 


LM1896 Maximum Device 
Dissipation vs Ambient 
Temperature 


- 3 dB Bandwidth vs Voltage 
Gain for Stable Operation 


14.0 


12.0 

§ 

z 10.0 
o 

! 80 
q 6.0 

> 4.0 

o 

2.0 


0 

0 10 20 30 40 50 60 70 BO 




0 10 20 30 40 50 60 70 80 



0 100 200 300 400 500 600 


T a - AMBIENT TEMPERATURE (°C) 


T A - AMBIENT TEMPERATURE (°C) 


Ay (V/V) 


THD and Gain vs Frequency 
A v = 54 dB, BW = 30 kHz 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


THD and Gain vs Frequency 
A v = 54 dB, BW = 5 kHz 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


THD and Gain vs Frequency 
A v = 46 dB, BW = 50 kHz 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


THD and Gain vs Frequency 
A v = 40 dB, bW= 20 kHz 



FREQUENCY (Hz) 


THD and Gain vs Frequency 
A v = 34dB, BW = 50 kHz 



FREQUENCY (Hz) 


AM Recovered Audio and Noise 
vs Field Strength for Different 
Speaker Lead Placement 



Power Supply Rejection Ratio 
(Referred to the Output) 
vs Frequency 


Channel Separation (Referred 
to the Output) vs Frequency 



10 100 Ik 10k 
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Power Output vs 
Supply Voltage 
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Typical Performance Curves (Continued) 

Total Harmonic Distortion 
vs Power Output 


Power Dissipation vs 
Power Output R L = 40 


Power Dissipation vs 


E Lit 

11 

96 

:: = 

= 


E=j 

E 

8 

— 

- 

-- 



-4|U 

— 

- 

lit 


| 

E: 

:: = 

| 

J 

n 

E 

i 



:r 

f = 10 kl 

Iz 

-II 


= 



= 

S 

BW = 30 kHz 11 III— 

R L = 4S2(B0TH CHANNELS Dl 

Bs ‘ 6V lll III 1 

RI1 

u 

i/EN) 

LLLL 




0.01 0.1 1.0 10 
POWER OUTPUT (W/CHANNEL) 

Equivalent Schematic 


1 2 3 4 5 

POWER OUTPUT (W/CHANNEL) 


0 0.5 1.0 1.5 2.0 

POWER OUTPUT (W/CHANNEL) 


OUTPUT 1 


-INPUT 1 

6, 9 No connection on LM1896 
( ) Indicates pin number for LM2896 


+INPUT1 BYPASS 


Connection Diagrams 


Single-ln-Line Package 


DuaMn-Line Package 



■ +IN 2 
• -IN 2 

-BOOTSTRAP 2 

I 

- GND 


Order Number LM1896N 
See NS Package N14A 


TOP VIEW 

Order Number LM2896P 
See NS Package P11A 
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LM1896/LM2896 


Typical Applications (Continued) 



v + 



6, 9 No connection on LM1896 
( ) Indicates pin number for LM2896 

FIGURE 2. Stereo Amplifier with A v = 200, BW = 30 kHz 


External Components [Figure 2 , 


Components 

1. R2, R5, RIO, R13 

2. R3,R12 

3. R 0 

4. Cl, C14 


5. C2, Cl 3 


6. C3, C12 


7. C5, CIO 

8. C7 

9. C c 


10. C 0 

11. C s 


Comments 

Sets voltage gain, A v = 1 + R5/R2 for one channel and 
A v = 1 + R10/R13 for the other channel. 

Bootstrap resistor sets drive current for output stage and 
allows pins 3 and 12 to go above V s . 

Works with C 0 to stabilize output stage. 

Input coupling capacitor. Pins 1 and 14 are at a DC potential 
of V s /2. Low frequency pole set by: 

1 

f L= 

2tt Rjhj Cl 

Feedback capacitors. Ensure unity gain at DC. Also a low 
frequency pole at: 

1 

f L = 

2n R2C2 

Bootstrap capacitors, used to increase drive to output 
stage. A low frequency pole is set by: 

1 

f L = 

2n R3C3 

Compensation capacitor. These stabilize the amplifiers 
and adjust their bandwidth. See curve of bandwidth vs 
allowable gain. 

Improves power supply rejection (See Typical Perform- 
ance Curves). Increasing C7 increases turn-on delay. 

Output coupling capacitor. Isolates pins 5 and 10 from the 
load. Low frequency pole set by: 

1 

*L= 

2nC c R|_ 

Works with R 0 to stabilize output stage. 

Provides power supply filtering. 
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Application Hints 

AM Radios 

The LM1896/LM2896 have been designed to fill a wide range 
of audio power applications. A common problem with 1C 
audio power amplifiers has been poor signal-to-noise per- 
formance when used in AM radio applications. In a typical 
radio application, the loopstick antenna is in close prox- 
imity to the audio amplifier. Current flowing in the speaker 
and power supply leads can cause electromagnetic cou- 
pling to the loopstick, resulting in system oscillation. In ad- 
dition, most audio power amplifiers are not optimized for 
lowest noise because of compensation requirements. If 
noise from the audio amplifier radiates intothe AM section, 
the sensitivity and signal-to-noise ratio will be degraded. 

The LM1896 exhibits extremely low wideband noise due in 
part to an external capacitor C5 which is used to tailor the 
bandwidth. The circuit shown in Figure 2 is capable of a 
signal-to-noise ratio in excess of 60 dB referred to 50 mW. 
Capacitor C5 not only limits the closed loop bandwidth, it 
also provides overall loop compensation. Neglecting C2 in 
Figure 2, the gain is: 

, S + AyCUo 

- A V (S) = 

S + co 0 

R2+R5 1 

where A v = , w 0 = 

R2 R5C5 

A curve of -3 dB BW (a > 0 ) vs A v is shown in the Typical 
Performance Curves. 

Figure 3 shows a plot of recovered audio as a function of 
field strength in /A//M. The receiver section in this example 
is an LM3820. The power amplifier is located about two 
inches from the loopstick antenna. Speaker leads run 
parallel to the loopstick and are 1/8 inch from it. Referenced 
to a 20 dB S/N ratio, the improvement in noise performance 
over conventional designs is about 10 dB. This corresponds 
to an increase in usable sensitivity of about 8.5 dB. 

Bridge Amplifiers 

The LM1896/LM2896 can be used in the bridge mode as a 
monaural power amplifier. In addition to much higher 
power output, the bridge configuration does not require 
output coupling capacitors. The load is connected directly 
between the amplifier outputs as shown in Figure 4. 


Amp 1 has a voltage gain set by 1 + R5/R2. The output of 
amp 1 drives amp 2 which is configured as an inverting 
amplifier with unity gain. Because of this phase inversion 
in amp 2, there is a 6 dB increase in voltage gain referenced 
to Vj. The voltage gain in bridge is: 



C B is used to prevent DCvoltageontheoutputof ampl from 
causing offset in amp 2. Low frequency response is in- 
fluenced by: 

1 

<L = 

2n R b C b 

Several precautions should be observed when using the 
LM1896/LM2896 in bridge configuration. Because the 
amplifiers are driving the load out of phase, an 8fi speaker 
will appearas a4ft load, anda4fispeakerwill appearasa2fi 
load. Power dissipation is twice as severe in this situation. 
For example, if V s = 6V and R L = 8G bridged, then the max- 
imum dissipation is: 

Vj 6 2 

P D = x2- x2 

20 R l 20x4 

P D = 0.9 Watts 

This amount of dissipation is equivalent to driving two 4fi 
loads in the stereo configuration. 

When adjusting the frequency response in the bridge con- 
figuration, R5C5 and R10C10 form a 2 pole cascade and the 
- 3 dB bandwidth is actually shifted to a lower frequency: 

0.64 

BW = 

2nRC 

where R = feedback resistor 
C = feedback capacitor 

To measure the output voltage, a floating or differential 
meter should be used because a prolonged output short 
will over dissipate the package. Figure 1 shows the com- 
plete bridge amplifier. 



FIELD STRENGTH (mV/M) 

FIGURE 3. Improved AM Sensitivity 
Over Conventional Design 
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LM1896/LM2896 


Printed Circuit Layout 

Printed Circuit Board Layout 

F/gure5andF/gu/-e6showprintedcircuitboard layouts for 
the LM1896 and LM2896. The circuits are wired as stereo 
amplifiers. The signal source ground should return to the 
input ground shown on the boards. Returning the loads to 
power supply ground through a separate wire will keep the 
THD at its lowest value. The inputs should be terminated in 
less than 50 kft to prevent an input-output oscillation. This 


oscillation is dependent on the gain and the proximity of 
the bridge elements R B and C B to the( + ) input. If the bridge 
mode is not used, do not insert R B , C B into the PCB. 

To wire the amplifier intothe bridge configuration, short the 
capacitor on pin 7 (pin 1 of the LM1896) to ground. Connect 
together the nodes labeled BRIDGE and drivethe capacitor 
connected to pin 5 (pin 14 of the LM1896). 
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FIGURE 5. Printed Circuit Board Layout for the LM1896 FIGURE 6. Printed Circuit Board Layout for the LM2896 
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National 
Semiconductor 
LM2000 Audio Driver 

General Description 

The LM2000 is a low cost Audio Driver, designed to 
drive external power transistors. The amplifier will 
typically deliver 5 W into 4 £1 with a 12V supply. The 
LM2000 can operate with complementary NPN/PNP 
output transistors or with just PNP output devices. 

A stable class A-B biasing scheme has been designed 
to prevent thermal runaway in the output transistors. 
The A-B bias transistor is internal, yet the amount 
of A-B bias current in the output stage can be externally 
adjusted. The bias stability is accomplished by forcing 
the base current in the power transistors instead of 

forcing their VeE(on)- 


Audio, Radio and TV Circuits 


Features 

■ Battery operation 

■ Wide supply operation, 2.5— 15V 

■ High output power 

■ Stable A-B bias current 

■ Adjustable drive current 

■ Adjustable gain and bandwidth 

■ No turn-on or turn-off “pops" 

■ Self-centered biasing 

Applications 

■ AM-FM radios 

■ Cassette recorders 

■ Motor speed controls 

■ Toys 

■ Portable tape recorders/phonographs 

■ Intercoms 



Typical Applications 


LM2000 Power Amplifier Ay = 100 
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LM2000 


Absolute Maximum Ratings 





Supply Voltage 



18V 




Package Dissipation (Note 1) 



1.39 W 




Storage Temperature 


-65°C to +150°C 




Operating Temperature 


0°C to +70°C 




Junction Temperature 



150°C 




Lead Temperature (Soldering, 10 seconds) 

300°C 




Electrical Characteristics 





Ta = 25°c, Vs = 9V, R L = 4 £2, Ay = 

100 (40 dB), f = 1 kHz, 2N4918 output transistors, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

PO = 

0 W 



25 


mA 

1C Supply Current 

Current Measured at Pin 6 


7 

14 

mA 

Operating Supply Voltage 




2.5 


15 

V 

Output Power (Note 2) 

THD 

= 10% 







v s = 

9V, Rl= 2£2 



4.8 


W 


Vs = 

9V, R l = 4 £2 



2.8 


W 


Vs = 

9V, R l = 8 £2 



1.5 


w 


Vs = 

12V, R L =2£2 



8.8 


w 


Vs = 

12V, R |_ = 4 £2 



5 


w 


Vs = 

12V, R|_ = 8 £2 



2.6 


w 

Drive Current 

Top or Bottom Side Sinking Current, 

100 

200 


mA 


Current Set Resistors 5.1 £2 and 10 £2 





Output Swing 

r l = 

2 £2, 4 £2, 8 £2 


VS“2 VsaT 



Vp-p 

Total Harmonic Distortion 

po = 

0.5 W, f = 1 kHz 



0.25 


% 

Ripple Rejection 

CBYPASS = 5 juF, f = 1 kHz, 

40 

55 


dB 


Output Referred 






Equivalent Input Noise 

R S = 

0, BW= 10 kHz 



3 


mV 

—3 dB Bandwidth 

CCOMP = 50 pF (Note 3) 


50 


kHz 

Input Bias Current 





1 

4 

juA 

Note 1: For operating at elevated temperature, the device must be derated based on 150°C maximum junction temperature and a thermal re- 

sistance of 90°C/W junction to ambient. 






Note 2: Output power is a function of the VgE(on) and R SAT °f the output transistors. 



Note 3: CcoMP is the compensation capacitor used between pins 2 and 9. 




Connection Diagram 







Dual-ln-Line Package 





1 

U 

14 





GND 


— LOAD 




COMPENSATION — ■ 


13 

— BOTTOM DRIVE 





3 


12 




+ INPUT — 


— DRIVE ADJUST 





4 


11 

Order Number LM2000N 


| -INPUT — 


— DRIVE ADJUST 

See NS Package N14A 


t , • 

5 


10 




BYPASS — 


— TOP DRIVE 





v s JL 


p2- BIAS/COMPENSATION 




7 

BIAS 


8 

— BIAS 






TOP VIEW 



i 
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POWER SUPPLY REJECTION (dB) 

REFERRED TO OUTPUT TOTAL HARMONIC DISTORTION ("/») POWER (WATTS) 
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Circuit Description 


The LM2000 Audio Driver has been designed to deliver 
maximum power into a 2 S2, 4 12, or 8 12 load, when 
used on a 2.5V to 12V supply. This high power is 
accomplished by using external power transistors with 
very low R$AT- Figure la shows the output stage of 
the LM2000 which saturates these output devices. The 
output transistor completes a local feedback loop 
with the output stage of the driver. This output stage 
has voltage gain, set by R1, R2, R3 and R4 to allow 
the output sense to swing from V$ to ground without 
saturating any internal nodes. The output stage voltage 
gain is independent of the overall voltage gain Ay. 
Output transistors with low forced beta can be used 
since the drive current can be adjusted to meet the 
base current requirements of the output devices (see 
curves). In addition, C c acts as a negative side boot- 
strap and acts to pull Q2 into saturation. 


The LM2000 can be used to drive a complementary 
output pair as shown in Figure 1b. In this circuit, 
the coupling capacitor C c no longer works as a boot- 
strap capacitor; Q2 will still saturate because 
large drive current supplied by the Darlington con- 
nection. This circuit performs optimally on V $ = 4.5V 
to 15V. In a 70°C ambient temperature, power dis- 
sipation dictates allowable resistor and supply voltage 
ranges. For R2, R3 of Figures la and 1b, allowable 
values are: 


min R2, R3 

V S 

~ rn 

<9V 

2.7 12 

<12V 

5.1 n 

<15V 



r . DENOTES 1C PIN 

connections 

For Vs > 12V, make R1 , R2, R3, R4 1 watt resistors. For Vs > 12V, make R1 , R2, R3, R4 1 watt resistors. 


FIGURE la. Output Stage of the LM2000 Driving FIGURE 1b. Output Stage of the LM2000 Driving 

PNP Output Transistors A Complementary Pair 
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Typical Applications (Continued) 



FIGURE 2. LM2000 Driving Complementary Pair 


External Components (See Figure 2) 

COMPONENTS COMMENTS COMPONENTS COMMENTS 


t. R1, R2, R3, R4 Sets base drive current to 9. C2 
output transistors and adjust 
voltage gain in output stage 
(See curves). For V$ > 12V 
make resistors 1 watt. 


2. R5, R6 


Sets amplifier voltage gain A v = 
1 + R5/R6. R5 should be 

less than 200k because of 
input bias current voltage drop. 


3. R7, C5 

4. R8 

5. R9 


Stabilizes output -stage. 

11. C4 

Sets input impedance and DC 
bias to + input. For minimum 
offset voltage, make R8 = R5. 

12. C6 

Improves clipping waveform. 


6. RIO, R11 

7. Cl 


Sets A-B bias current in output 
transistors Q1 and 02. 

13. C7 

Provides power supply filtering. 


Input coupling capacitor. Pin 3 
is at a DC potential of Vqc/ 2- 
Low frequency pole is set at: 
1 

f L = 

2;rR8C2 

Feedback capacitor. Ensures 
unity gain at DC for minimum 
offset at output. Also sets a 
low frequency pole at: 

1 

fL 2 ttR6C3 

Sinks and sources drive current 
for output transistors Q1 and 
Q2. 

Output coupling capacitor. Iso- 
lates output sense from load. 
Low frequency effected by: 

1 

f L = 

2ttC6Rl 

C7 gives overall loop stability 
and adjusts bandwidth (See 
curves). 


8- CbYPASS 


Improves power supply rejection 14. Q1, Q2 
(See curves). 


Power transistors. Supply cur- 
rent to load Rj_. 
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LM2000 


Equivalent Schematic Diagram 


6 



GND 
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National 

Semiconductor 


Audio, Radio and TV Circuits 


LM2001 Low Voltage Audio Driver 


General Description 

The LM2001 is a low voltage audio driver, designed to 
drive low cost external power transistors. The driver is 
capable of delivering 100 mA of drive current on a 6V 
supply. Optimized for driving low impedance loads, the 
amplifier typically delivers 2.0W into 2^2 on a 6V supply. 
The LM200T is designed to operate on supply voltages 
as low as 1.8V. 

A stable AB bias scheme has been designed to prevent 
thermal runaway in the output transistors. The AB 
bias transistor is internal, yet the amount of AB bias 
current in the output stage can be externally adjusted. 
The bias stability is accomplished by forcing base 
current in the power transistors instead of forcing 

their Vbe(ON). 


Features 

■ Battery operation 

■ Very low supply voltage operation, 1 .8V 

■ High output power 

n Stable AB bias current 

■ Adjustable gain and bandwidth 

■ No tum-ON or turn-OFF pops 

■ Self-centered biasing 

Applications 

■ AM-FM radios 

■ Cassette recorders 

■ Motor speed controls 

■ Toys 

■ Portable tape recorders/phonographs 

■ Intercoms 


Connection Diagram 


Dual-ln-Line Package 



Order Number LM2001N 
See NS Package N14A 


Equivalent Schematic Diagram 
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LM2001 


Absolute Maximum Ratings 

Supply Voltage 7V Operating Temperature 0°C to +70° C 

Package Dissipation {Note 1) 1.39W Junction Temperature 150°C 

Storage Temperature -65°C to +150°C Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics 

Ta = 25°C, Vs = 6V, R(_ = 2ft, Ay = 100 (400 dB), f = 1 kHz, 92PE77A output transistors, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

P 0 = ow 


25 


mA 

1C Supply Current 

Current Measured at Pin 6 


5 

10 

mA 

Operating Supply Voltage 


1.8 


6 

V 

Output Power 

THD = 10% 






V S = 6V, R L =2n 


2 


W 


Vs = 6V, R|_ = 4ft 


1.2 


W 


V S = 6V, R L =8ft 


600 


mW 


VS = 3V, R L = 2£2 


480 


mW 


Vs = 3V, Ri_ = 4ft 


280 


mW 


V$ = 3V, Rj_ = 812 


160 


mW 

Drive Current 

Top or Bottom Side Sinking Current, External 

100 

150 


mA 


Power Transistors VbE(ON) = 0.9V 





Output Swing 

RL = 2ft, 4ft or 8ft 

Vs-2V SA T 



Vp-p 

Total Harmonic Distortion 

Vs = 6V, R|_ = 2ft, Po = 0.5W, f = 1 kHz 


0.25 


% 

Ripple Rejection 

^BYPASS NO. 1 = f = 1 kHz, Output Referred 

40 

60 


dB 

Equivalent Input Noise 

R$ = 0, BW = 10 kHz 


3 


mV 

—3 dB Bandwidth 

CcOMP=50pF 


50 


kHz 

Input Bias Current 



1 

4 

juA 


Note 1: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature and a thermal 
resistance of 90°C/W junction to ambient. 


External Components (Figure 2> 



COMPONENTS 

COMMENTS 

COMPONENTS 

COMMENTS 

1. 

R1 

Sets input impedance and DC 

7. C3 

Provides power supply filtering. 



bias to +input. For minimum 
offset voltage, make R1 = R3. 

8. C4 

C4 gives overall loop stability 
and adjusts bandwidth {see 

2. 

R2, R3 

Sets voltage gain, Av = 1 + 


curves). 



R3/R2. R3 should be less than 

200k because of input bias 

9. C5 

Output coupling capacitor. Iso* 



current voltage drop. 


lates pin 11 from load. Low 
frequency effected by : 

3. 

R4, R5 

Set AB bias current in output 
transistors Q1 and Q2. 


1 

fL“ 

4. 

R6, C6 



2ttC5R L 

Stabilizes output stage. 

Input coupling capacitor. Pin 3 

10. CbYPASS NO. 1 

Improves power supply rejec- 
tion {see curves). 

5. 

Cl 



is at a DC potential of Vqq/2. 

11- CbYPASSNO. 2 

Sinks and sources drive current 



Low frequency pole is set at: 

for output transistors Q1 and 



1 


Q2. 



f L" „ 





27TR1C1 

12. R7 

Improves clipping waveform. 

6. 

C2 

Feedback capacitor. Ensures 
unity gain at DC for minimum 

13. Q1, Q2 

Power transistors. Supply cur- 



offset at output. Also sets a 
low frequency pole at: 


rent to load R[_. 



1 

f L = 





2ttR2C2 
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Circuit Description 


The LM2001 audio driver has been designed to fill a 
large number of low voltage applications. The require- 
ments of adjustable gain, bandwidth, and quiescent 
current as well as high power output, low voltage opera- 
tion, and a stable bias scheme makes this driver quite 
versatile. 


High output power is achieved by using external PNP 
transistors with low RSAT- As seen in Figure 7, the 


output transistors complete a local feedback loop 
with the output stage of the driver. This output stage 
has voltage gain to allow the output sense pin to swing 
from Vs to ground without saturating internal nodes 
of the driver. Output transistors with a forced beta 
as low as 10 are capable of supplying 1A to the load 
because CbYPASS NO. 2 enables the drive transistors 
to sink 100 mA. The output coupling capacitor Cc 
acts as a negative side bootstrap. When the output 
signal swings negative, Cc acts to pull Q2 into saturation. 


Vs 



FIGURE 1. Output Stage of the LM2001 
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POWER SUPPLY REJECTION (dB) 

COMPENSATION CAPACITOR (pF) REFERRED TO OUTPUT ' GAIN (dB) 


Typical Performance Characteristics 


Open Loop Gain vs Frequency 



100 Ik 10k 100k 1M 


Distortion vs Output Power 



0.01 0.1 1.0 10 


FREQUENCY (Hz) 


POWER OUTPUT (W) 



Power Supply Rejection Ratio 
vs Frequency 



Device Dissipation vs Output 
Power 412 Load 



10 100 Ik 10k 100k 


0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 


0.8 


S 0.6 

z 


P 05 



° 0.3 

5 0.2 

a 


0 


FREQUENCY (Hz) 


POWER OUTPUT (W) 


Compensation Capacitance vs 
Closed Loop Voltage Gain 



0 50 100 150 200 250 300 


Power Output vs Supply 
Voltage 



0 1 2 3 4 5 6 7 8 


A V - CLOSED LOOP VOLTAGE GAIN (V/V) 


SUPPLY VOLTAGE (V) 



Distortion vs Frequency 


V S = 6V 
A V = 100 



10 100 Ik 10k 


FREQUENCY (Hz) 


Device Dissipation vs Output 
Power 2Q Load 



V S = 3 V 


0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

POWER OUTPUT (W) 


Peak-to-Peak Output 
Voltage Swing vs Supply 
Voltage 

I — L92PE77A OUTPUT TRANSISTORS |_| 


R L = 4 



0 1 2 3 4 5 6 7 


SUPPLY VOLTAGE (V) 






LM2002/LM2002A 


National Audio, Radio and TV Circuits 

Semiconductor 

LM2002/LM2002A 8 Watt Audio Power Amplifier 

General Description 

The LM2002 is a cost effective, high power amplifier 
suited for automotive applications. High current capabili- 
ty (3.5A) enables the device to drive low impedance loads 
with low distortion. The LM2002 is current limited and 
thermally protected. High voltage protection is available 
(LM2002A) which enables the amplifier to withstand 40V 
transients on its supply. The LM2002 comes in a 5-pin 
TO-220 package. 

Features 

■ High, peak current capability (3.5A) 

■ Large output voltage swing 


■ Externally programmable gain 

■ Wide supply voltage range (5V-20V) 

■ Few external parts required 

■ Low distortion 

■ High input impedance 

■ No turn-on transients 

■ High voltage protection available (LM2002A) 

■ Low noise 

■ Short circuit protected 

■ Pin for pin compatible with TDA2002 



Equivalent Schematic 



Connection Diagram Typical Applications 
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Absolute Maximum Ratings 


Peak Supply Voltage (50 ms) 
LM2002A(Note2) 

LM2002 

Operating Supply Voltage 
Output Current 
Repetitive 
Non-repetitive 
InputVoltage 
Power Dissipation(Note3) 
OperatingTemperature 
StorageTemperature 
Lead Temperature(Soldering, 10 seconds) 


40V 

25V 

20V 

3.5A 
4.5A 
± 0.5V 
15W 

0°Cto + 70°C 
- 60°Cto + 150°C 
300 °C 


Electrical Characteristics V S = 14.4V, T tab = 25°C, Av = 100 (40 dB), R L = 412, unless otherwise specified 


Parameter 

Conditions 

Min 

Typ 


Units 

DC Output Level 

i 

6.4 

7.2 

8 

V 

Quiescent Supply Current 

Excludes Current in Feedback Resistors 


45 

80 

mA 

Supply Voltage Range 


5 


20 

V 

Input Resistance 


! 

150 


kft 

Bandwidth 

Gain = 40 dB 


100 


kHz 

Output Power 

V s = 13.2V, f = 1 kHz 

R L = 40, THD = 10% 


4.3 


W 


R L =2ft, THD = 10% 

V s = 13.8V, f=1 kHz 


6.5 


W 


R L = 4ft, THD = 10% 


4.8 


W 


R L = 2ft, THD = 10% 


7.4 


W 


V s = 14.4V, f = 1 kHz 

R L = 4ft, THD = 10% 

4.8 

5.2 


W 


R L = 2ft, THD = 10% 

7 

8 


W 


R L = 1.6ft, THD = 10% 

V s = 16V, f = 1 kHz 


9 


W 


R L = 4ft, THD = 10% 


6.5 


W 


R L = 2ft, THD = 10% 


10 


W 


R L = 1.6ft, THD = 10% 


10.5 


W 

THD 

P 0 = 2W, R L = 4ft, f = 1 kHz 


0.1 


% 


P Q = 4 W, R L = 2ft, f = 1 kHz 


0.1 


% 

Ripple Rejection 

R s = 50ft, f = 100 Hz 

30 

40 


dB 


R s = 50ft, f = 1 kHz 


44 


dB 

Input Noise Voltage 

R s = 0, 15 kHz Bandwidth 


2 


mV 

Input Noise Current 

R s = 100 kft, 15 kHz Bandwidth 


40 


pA 


Note 1: A 1.0 resistor and 0.1 /*F capacitor should be placed as close as possible to pins 3 and 4 for stability. 

Note 2: The LM2002 shuts down above 25V. 

Note 3: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance of 
4°C/W junction to case. 
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LM2002/LM2002A 


Typical Performance Characteristics 


Device Dissipation vs 
Ambient Temperature 
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0 10 20 30 40 50 60 70 80 

T A - AMBIENT TEMPERATURE (°C) 


Power Dissipation vs 
Output Power 



Power Dissipation vs 
Output Power 



Open Loop Gain 
vs Frequency 



100 Ik 10k 100k 1M 


Supply Ripple Rejection 
vs Frequency 



Supply Current vs 
Supply Voltage 



0 2 4 6 8 10 12 14 16 18 20 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


^SUPPLY <V) 


Output Power vs 
Supply Voltage 



Distortion vs Output Power 



OUTPUT POWER (W) 


Distortion vs Frequency 




20 50 100 200 500 Ik 2k 5k 10k 20k 


FREQUENCY (Hz) 


Output Swing vs 
Supply Voltage 



0 2 4 6 8 10 12 14 16 18 20 

VsUPPLY (V) 
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LM2808 



National 

Semiconductor 


Audio, Radio and TV Circuits 


LM2808 Monolithic TV Sound System 


General Description 


Features 


The LM2808 2W sound IF circuit is designed for 
television and related applications. The circuit is com- 
prised of 2 independent functions: a sound IF and 
an audio power amplifier. An improved volume control 
circuit is included, however, so that recovered audio is a 
linear function of the resistance of the control po- 
tentiometer. Audio power amplification is accomplished 
with circuitry similar to the popular LM380 audio 
power amplifier, featuring both short circuit and thermal 
protection. 


■ Minimum undistorted output 

LM2808 - 0.5W 

■ Linear volume control — 75 dB range 

■ Fixed voltage gain in audio amplifier 

■ Short circuit and thermal protection 

■ Standard dual-in-line package 


Schematic Diagrams 


(For power amplifier section of schematic, see next page) 



IF and Detector 
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Absolute Maximum Ratings 

Supply Voltage, Vqc (Pin 2) 

LM2808 20V 

Input Current, I MAX (Pin 6) 50 mA 

Input Signal Voltage (Between Pins 12 and 13) 3 Vp-p 


Storage Temperature Range -65° C to +150°C 

Operating Temperature Range 0°Cto+70°C 

Maximum Junction Temperature 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (See test circuit) 


PARAMETER 

CONDITIONS 

MIN 

, 

TYP 

MAX 

UNITS 

P Q @ 10%THD 






LM2808 

Vcc= 16V, R L =8£2 


2.6 


W 


Vcc= 14V, R L = 8C2 


1.9 


w 


Vcc= 12V, R L =8S2 


1.3 


w 

Feedthrough Signal (Pin 1) 

R Pin 7 = Oft 



15 

mVrms 

Current into Pin 6 

V Pin 6= 10V 

7 

10.8 

15 

mA 

AM Rejection 

V | (\j = 10 mVrms, 

Af = 25 kHz, AM = 30% 

40 



dB 

Recovered Audio (Pin 8) 


350 

500 


mVrms 

Input Limiting Voltage at 4.5 MHz 



200 

400 

mv 

Audio Power Amp Voltage Gain 
(Pin 16 to Pin 1) 


40 


60 

v/v 

Output Noise, Input Signal Removed 
(Pin 1) 

R Pin 7 = 0Q 


70 

150 

mVrms 

Distortion (Pin 8) 

AF = 25 kHz, f 0 = 4.5 MHz 


1.2 

2 

% 

Distortion (Pin 1) 






LM2808 

P 0 = 0.5W, R[_ = 8f2 


1.2 

2 

% 

Input Impedance (Pin 16) 


50 

200 


kQ 

Current into Pin 2 (Zero Audio Output 

at Pin 1) 

V2 = 24V 

2 

5 

20 

mA 


Schematic Diagrams (Continued) 


2 
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Typical Application and Test Circuit 
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LM3011 



National 

Semiconductor 


Audio, Radio and TV Circuits 


LM3011 Wide Band Amplifier 


General Description 


Features 


The LM3011 is a monolithic wide band amplifier ■ A direct replacement for CA301 1 

circuit that requires a minimum of external . High amplifier gain 

components for operation. It includes three stages 

of limiting ■ Excellent limiting characteristics 

■ Wide frequency capability 


Schematic Diagram 



Block Diagram 


Connection Diagram 
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Absolute Maximum Ratings 

Supply Voltage 15V Operating Temperature Range -55°Cto+75°C 

Input Signal (Pin 1) ±3V Storage Temperature Range -65°C to +150°C 

Power Dissipation (Note 1) 715 mW Lead Temperature (Soldering, 10 sec) 300°C 


Electrical Characteristics <t a = 25°c> 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

| STATIC CHARACTERISTICS j 

Total Device Dissipation (P T ) 

V cc = 6V (Figure 1) 

60 

90 

133 

mW 

Total Device Dissipation (P T ) 

V cc = 7.5V (Figure 1) 

95 

120 

187 

mW 

| DYNAMIC CHARACTERISTICS V cc = 7.5V, F = 4.5 MHz, unless otherwise noted | 

Voltage Gain (A) 

V cc “6V, f = 1 MHz (Figure 2) 

60 

66 


dB 

Voltage Gain (A) 

V cc = 7.5V, f = 1 MHz (Figure 2) 

. 65 

70 


dB 

Voltage Gain (A) 

V cc = 7.5V, f= 10.7 MHz (Figure 2) ' 

55 

61 


dB 

Parallel Input Resistance (R )N ) 



3 


kQ 

Parallel Input Capacitance (C| N ) 



7 


pF 

Parallel Output Resistance (Rout) 



31.5 


k£2 

Parallel Output Capacitance (C OUT ) 



4.2 


pF 

Noise Figure (NF) 



8.7 


dB 

Input Limiting Voltage (V, N(Lim) ) 

(-3 dB) (Figure 2) 


300 

400 

MV 


Note 1: For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 175°C/W junction to ambient. 


Test Circuits 



+Vcc 
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LM3064 



National 

Semiconductor 


Audio, Radio and TV Circuits 


LM3064 Television Automatic Fine Tuning 


General Description 

The LM3064 is a monolithic integrated circuit 
designed primarily for AFT (automatic fine tuning) 
applications. It includes a zener regulated power 
supply, IF amp, differential peak detector, and 
an AGC circuit. 

The LM3064 is supplied in both the formed and 
straight lead 14-lead dual-in-line package. 


Features 

■ Primarily intended for AFT applications 

■ High gain input amp (18 mV for rated output) 

■ Differential output correction voltage 

■ Wide operating temperature -40°C to +85°C 

■ Formed leads available for easy PC board design 


Schematic and Connection Diagrams 



Dual-1 n-Line Package 



Order Number LM3064N 
See NS Package N14A 

Order Number LM3064N-01 
See NS Package N14C 


Test Circuits 
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Absolute Maximum Ratings 


Power Dissipation (Note 1) 
Operating Temperature Range 
Storage Temperature Range 
Power Supply Current 


715 mW 
-40°C to +85°C 
-65° C to +150°C 
50 mA 


Electrical Characteristics it a = 25 °o 


STATIC 


Device Dissipation 


Zener Regulating Voltage 
Quiescent Current 
into Pin 2 
'Quiescent Voltage 
at Pm 4 

Quiescent Voltage 
at Pm 5 

Output Offset Voltage 
between Pins 4 & 5 


DYNAMIC — Output Voltage vs Frequency Deviation AFT 


Correction Control 
Voltage at Pin 5 
See Curves 


V CC = 30V; R s = 1.5k 

V 10 = 10.5V 

V cc = 30V; R s = 1.5k 


V cc = 30V; R s = 1.5k 


V cc = 30V; R s = 1.5k 


V cc = 30V; I 
V, = 18 mV 
f = 45.75 - .( 
f = 45.75 + .( 
f = 45.75 - .< 
f = 45.75 +.‘ 
f = 45.75 - 1 
f = 45.75 + 1 
f = 45.75 - .( 
f = 45.75 + .( 
f = 45.75 - .< 
f = 45.75 + .< 
f = 45.75 - 1 
f - 45.75 + 1 


Correction Voltage 
as Shown Below 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 175°C/W junction to ambient. 


Correction Control Voltage 


-0.030 -0.020 +0.010 +0.030 

-0.010 45.750 +0.020 

INPUT FREQUENCY DEVIATION (MHz) 


Coil Winding Data 


COIL DATA FOR DISCRIMINATOR WINDINGS 
Lt - Discriminator Primary: 3-1/6 turns; No. 20 
Enamel-covered wire-close-wound, at bottom of 
coil form. Inductance of L-i = 0.165 juH; Q 0 = 120 
at f 0 = 45.75 MHz. 

Start winding at Terminal No. 6; finish at Ter- 
minal No. 1. See Notes below. 


L2 — Tertiary Wi 
Enamel-covered w 
end of Li. Start w 


indings: 2-1/6 turns; No. 20 
ire— close- wound over bottom 
inding at Terminal No. 3; finish 


at Terminal No. 4. See Notes below. 

L3 - Discriminator Secondary: 3-1/2 turns; 
center-tapped, space wound at bottom of coil form. 
Inductance of L 3 = 0.180 /jH; Q 0 = 150 at f Q = 
45.75 MHz. 

Start winding at Terminal No. 2; finish at Ter- 
minal No. 5, connect center tap to Terminal No. 7. 
See Notes . 


INPUT FREQUENCY DEVIATION (MHz) 


Note 1 : Coil Forms; Cylindrical; —0.30” dia. max. 
Note 2: Tuning Core: 0.250” dia. x 0.37” length. 
Material: Carbinal J or equivalent. 

Note 3: Coil Form Base: See drawing below. 

Note 4: End of coil nearest terminal board to be 
designated the winding start end. 


L 2 tertiary winding wound on L, coil form. 

L 3 is aligned for zero differential output 
between terminals 4 and S at f Q = 45.750 MHz. 
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LM3075 



National 

Semiconductor 


Audio, Radio and TV Circuits 


LM3075 FM Detector/Limiter and Audio Preamplifier 


General Description 

The LM3075 is a monolithic integrated circuit 
FM detector/limiter and audio preamplifier that 
requires a minimum of external components for 
operation. It includes three stages of IF limiting 
and a differential-peak-detection circuit. 

Features 

■ A direct replacement for the CA3075 


Simple detector alignment: one coil 

Sensitivity: 3 dB limiting voltage 250 /jlV typical 
at 10.7 MHz 

Low harmonic distortion 

Excellent AM rejection 55 dB typ. at 10.7 MHz 
Internal audio preamplifier 



Block Diagram 



Typical Application 



10-164 




Absolute Maximum Ratings 

Power Supply Current (Pin 5) 30 mA 

Supply Voltage (Pin 5) 12.5V 

Power Dissipation (Note 1) 715 mW 

Electrical Characteristics t a = 25°c 


Operating Temperature Range -40°C to +85 C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 


PARAMETER 

SYMBOL 

TEST 

CONDITIONS 

| LIMITS 

UNITS 

CIRCUIT 


| TYP 

IHS22S 





STATIC CHARACTERISTICS 


Supply Current 

l 5 


V cc = 8.5V 

8.5 

15 


mA 




V cc = 11.2V 


17.5 


mA 




V cc = 12.5 V 


19 

29 

mA 

Detector Output Level (High) 

v 7 




6~1 


V 

Detector Output Level (Low) 

V 8 


V cc = 11.2V 


5.4 


V 

Audio Amplifier Output Level 

V, 2 




5.2 


V 

DYNAMIC CHARACTERISTICS AT V* = 11.2V, f 0 = 

= 10.7 MHz, Af 

= ±75 kHz, fm = 400 Hz 




Input Limiting Threshold 

V|N(LIM) 

1 



250 

600 

MV 

- AM Rejection 

AMR 

1 

AM: 1 kHz @30% 

V IN = 100 mV 


55 


dB 

Recovered AF Voltage 
(At Terminal 12) 

V 0 (AF) 

1 



1.5 


V 

Total Harmonic Distortion 

Thd 

1 



1 

2 

% 

Audio Preamplifier 








Voltage Gain 

A V(af) 

2 

V IN = 100 mV, f = 400 Hz 


21 


dB 

Total Harmonic Distortion 

Thd 

2 

Vqut = 2V, f = 400 Hz 


1.5 

5 

% 


Note 1: For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 175°C/W junction to ambient. 

Test Circuits 



TEST CIRCUIT 1 



TEST CIRCUIT 2 
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LM3089 



National 

Semiconductor 


Audio, Radio and TV Circuits 


LM3089 FM Receiver IF System 


General Description 

The LM3089 has been designed to provide all the major 
functions required ftjr modern FM IF designs of auto- 
motive, high-fidelity and communications receivers. 

Features 

■ Three stage IF amplifier/limiter provides 12^V (typ) 

-3 dB limiting sensitivity . . 

■ Balanced product detector and audio amplifier pro- 
vide 400 mV (typ) of recovered audio with distortion 
as low as 0.1% with proper external coil designs 


■ Four internal carrier level detectors provide delayed 
AGC signal to tuner, IF level meter drive current and 
interchannef mute control 

■ AFC amplifier provides AFC current for tuner and/or 
center tuning meters 

■ Improved operating and temperature performance, 
especially when using high Q quadrature coils in 
narrow band FM communications receivers 

■ No mute circuit latchup problems 

■ A direct replacement for CA3089E 



Dual-ln-Line Package 


TUNE MUTE REF QUAD 

NC AGC GND METER LOGIC V cc BIAS INPUT 



Order Number LM3089N 
See NS Package N16E 
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Absolute Maximum Ratings 


Supply Voltage Between Pin 11 and Pins 4, 14 
DC Current Out of Pin 12 
DC Current Out of Pin 13 
DC Current Out of Pin 15 


+ 16V 

Power Dissipation (Note 2) 

1390 mW 

5 mA 

Operating Temperature Range 

-40° C to +85°C 

5 mA 

Storage Temperature Range 

-65°C to +150°C 

2 mA 

Lead Temperature (Soldering, 10 seconds) 

300° C 


Electrical Characteristics (ta = 25°c, vcc = +12V, see Test circuit) 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DC CHARACTERISTICS (V| N = 0, NOT MUTED) 

111 

Supply Current 


16 

23 

30 

mA 

VI, 2, 3 

IF Input and Bias 


1.2 

1.9 

2.4 

V 

V6 

Audio Output 


5.0 

5.6 

6.0 

V 

V7 

AFC Output 


5.0 

5.6 

6.0 

V 

V10 

Reference Bias 


5.0 

5.6 

6.0 

V 

V12 

Mute Control 


5.0 

5.4 

- 6.0 

V 

V13 

IF Level 



0 

0.5 

V 

V15 

Delayed AGC 


4.2 

4.7 

5.3 

V 

DYNAMIC CHARACTERISTICS f 0 = 10.7 MHz, Af = ±75 kHz @ 400 Hz 

V|M (LIM) 

Input Limiting -3 dB 



12 

25 

MV 

AMR 

AM Rejection 

V|N = 100 mV, AM:. 30% 

45 

55 


-dB 

" V 0 (AF) 

Recovered Audio 

V||\j = 10 mV 

300 

400 

500 

mVrms 

THD 

Total Harmonic Distortion 







Single Tuned (Note 1) 

V | (\j = 100 mV 


0.5 

1.0 

% 


Double Tuned (Note 1) 

V|j\i * 100 mV 


0.1 

0.3 

% 

S+N/N 

Signal to Noise Ratio 

V|i\i = 100 mV 

60 

70 


dB 

V12 

Mute Control 

V|N= 100 mV 


0 

0.5 

V 

V13 

IF Level 

V|[\| = 100 mV 

4.0 

5.0 

6.0 

V 

VI 3 

IF Level 

V | j\| = 500/iV 

1.0 

1.5 

2.0 

V 

V15 

Delayed AGC 

V|N = 100 mV 


0.1 

0.5 

V 

V15 

Delayed AGC 

V | (M = 30 mV 


2.5 


V 

V 0 (AF) 

Audio Muted 

V|N = 100 mV, V5 = +2.5V 


60 


-dB 


Note 1 : Distortion is a function of quadrature coil used. 

Note 2: For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 90°C/W junction to ambient. 


Typical Performance Characteristics 


Typical S + N/N and IF Limiting 
Sensitivity vs IF Input Signal 


Typical AGC (Pin 15) and 
Meter Output (Pin 13) vs 
IF Input Signal 



1 10 100 Ik 10k 100k 

IMNPUT VOLTAGE < M V) 



AM Rejection (30% Mod) vs 
IF Input Signal 



IF INPUT VOLTAGE U.V) 


10 
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Typical Performance Characteristics (Continued) 


Supply Current (In) vs 
Supply Voltage (VII) 



8 9 10 11 12 13 14 15 16 

SUPPLY VOLTAGE (V) 


Typical Audio Attenuation 
(Pin $) vs Mute Input Voltage 



0 0.5 1 1.5 2 2.5 3 

MUTE INPUT VOLTAGE (PIN 5) (V) 


Reference Voltage, AGC and 
Meter Output vs Supply Voltage 

8 
7 
6 
5 
4 
3 
2 
1 
0 

8 9 10 11 12 13 14 15 16 

SUPPLY VOLTAGE (V) 
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Mute Control Output (Pin 12) 
vs IF Input Signal 



1 2 3 5 10 20 3D 50 100 

IF INPUT VOLTAGE - M V 



*For single tuned detector coil: 
l_o tunes with 100 pF at 10.7 MHz 
Q(jl (unloaded) = 75 
Ql_ (loaded) s 13 for V9 = 150 mVrms 
**For double tuned detector coil: 

Qulpri =Qulsec = 75 

kQ a 0.7 for V9 a 150 mVrms 
Note: 

The recovered audio output voltage will be approximately 0.5 dB 
less when using the double tuned detector coil. 

For proper operation of the mute circuit, the RF voltage at pin 9 
should be 150 mVrms ±30 mV. 
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LM3189 


National 

Semiconductor 


LM3189FM IF System 

General Description 

The LM3189N is a monolithic integrated circuit that pro- 
vides all the functions of a comprehensive FM IF system. 
The block diagram of the LM3189N includes a three stage 
FM IF amplifier/limiter configuration with level detectors 
for each stage, a doubly balanced quadrature FM detector 
and an audio amplifier that features the optional use of a 
muting (squelch) circuit. 

The advanced circuit design of the IF system includes 
desirable deluxe features such as programmable delayed 
AGC for the RF tuner, an AFC drive circuit, and an output 
signal to drive a tuning meter and/or provide stereo switch- 
ing logic. In addition, internal power supply regulators 
maintain a nearly constant current drain over the voltage 
supply range of + 8.5V to + 16V. 

The LM3189N is ideal for high fidelity operation. Distortion 
in an LM3189N FM IF system is primarily a function of the 
phase linearity characteristic of the outboard detector coil. 

The LM3189N has all the features of the LM3039N plus 
additions. 

The LM3189N utilizes the 16-lead dual-in-line plastic 
package and can operate over the ambient temperature 
range of - 40 °C to + 85 °C. 


Audio, Radio and TV Circuits 


Features 

■ Exceptional limiting sensitivity: 12/A/ typat -3dBpoint 

■ Low distortion: 0. 1 % typ (with double-tuned coil). 

■ Single-coil tuning capability 

■ Improved (S + N)/N ratio 

■ Externally programmable recovered audio level 

■ Provides specific signal for control of inter-channel 
muting (squelch) 

■ Provides specific signal fordirectdriveof a tuning meter 

■ On channel step for search control 

■ Provides programmable AGC voltage for RF amplifier 

■ Provides a specific circuit for flexible audio output 

■ Internal supply voltage regulators 

■ Externally programmable ON channel step width/and 
deviation at which muting occurs 




All resistance values are in ohms ' 

* L tunes with 100 pF (C) at 10.7 MHz, Q 0 s75 
(Toko No. KACS K586HM or equivalent) 
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Absolute Maximum Ratings 

Supply Voltage Between Pin 11 and Pins4, 14 16V 

DCCurrentOutofPin12 5mA 

DC Current Outof Pin 13 5 mA 

DCCurrentOutofPin15 2mA 

Power Dissipation(Note2) 1390 mW 

OperatingTemperature Range -40°Cto +85°C 

Storage Temperature Range -65°Cto + 150°C 

LeadTemperature(Soldering,10seconds) 300 °C 

Electrical Characteristics t a = 25 -c, v+ = 12V 

Symbol 

Parameter 

Conditions 

(see single-tuned test circuit) 

Min 

Typ 

Max 

Units 

STATIC (DC) CHARACTERISTICS 

In 

Quiescent Circuit Current 

No Signal Input, Non Muted 

20 

31 

44 

mA 

VI 

V2 

V3 

V15 

V10 

DC Voltages: 

Terminal 1 (IF Input) 

Terminal 2 (AC Return to Input) 
Terminal 3 (DC Bias to Input) 
Terminal 15 (RF AGC) 

Terminal 10 (DC Reference) 

1.2 

1.2 

1.2 

7.5 

5 

2.0 

2.0 

2.0 

9.5 

5.75 

2.4 

2.4 

2.4 

11 

6 

V 

V 

V 

V 

V 

DYNAMIC CHARACTERISTICS 

V|(lim) 

Input Limiting Voltage ( - 3 dB Point) 


f 0 = 10.7 MHz, 
f mod = 400 Hz, 
Deviation ±75 kHz 


12 

25 

/iV 

AMR 

AM Rejection (Term. 6) 

V 1N = 0.1V 

AM Mod. = 30% 

45 

55 


dB 

V 0 (AF) 

Recovered AF Voltage (Term. 6) 

325 

500 

650 

mV 

THD 

Total Harmonic Distortion (Note 1) 
Single Tuned (Term. 6) 

Double Tuned (Term. 6) 

> 

d 

II 

z 

> 


0.5 

0.1 

1 

% 

% 

S + N/N 

Signal plus Noise to Noise Ratio 
(Term. 6) 

65 

80 


dB 

*DEV 

Deviation Mute Frequency 

f mod = 0 


±40 


kHz 

V16 

RF AGC Threshold * 




1.25 


V 

V12 

On Channel Step 

V IN = 0.1V 

foEV"^ —40 kHz 
f D EV> ±40 kHz 


0 

5.6' 


V 

Note 1: THD characteristics are essentially a function of the phase characteristics of the network connected between terminals 8, 9, and 10. 

Note 2: For operation in ambient temperatures above 25 °C, the device must be derated based on a 150°C maximum junction temperature and a thermal 
resistance of 9Q°C/W junction to ambient. 

Connection Diagram 

^ Dual-In-Line Package 

TUNE MUTE REF QUAD 

AGC AGC ■ GND METER LOGIC V CC BIAS INPUT 

1 16 1 1 5 1 14 |l3 1 12 |l1 1 1 0 (9 

Order Number LM3189N 

See NS Package N16A 

3 



1 F F F F F F F 

IF IN 0EC0UPLE IF IF GND MUTE AUDIO AFC IF 

BIAS INPUT OUT OUT OUT 

TOP VIEW 

\ 

/ 
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LM3189 


Test Circuits 


Test Circuit ior LM3189N Using a Single-Tuned Detector Coil 


All resistance values are in ohms 

* L tunes with 100 pF (C) at 10.7 MHz, Q 0 (un 
loaded) = 75 (Toko No. KACS K586HM or 
equivalent) 

* C = 0.01 /iF for 50 fis de-emphasis (Europe) 

= 0.015 for 75 ps de-emphasis (USA) 


I c l 

22„H l T; F I 

I __._J 




~ 1 'T sC 


* 10k sT\ 0.33 pF 


— I TUNING METER 

0.01 (✓) 150 mA 

I y FULL-SCALE 
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Test Circuits (Continued) 


Test Circuit for LM3189N Using a Double-Tuned Detector Coil 


All resistance values are in ohms 
*T:PRI— Q 0 (unloaded)s75 (tunes with 100 pF 
(Cl)) 20t of 34e on 7/32” dia form 
SEC— Q 0 (unloaded) = 75 (tunes with 100 pF 
(C2)) 20t of 34e on 7/32” dia form 
kQ(percent of critical coupling) = 70% 
(adjusted for coil voltage Vq) = 150 mV 
Above values permit proper operation of mute 
(squelch) circuit “E" type slugs, spacing 4mm 
* * C = 0.01 pF for 50 fis de-emphasis (Europe) 

= 0.015 n? for 75 ns de-emphasis (USA) 


V + = 12V 


SIGNAL 

INPUT 

VOLTAGE 


o.oi » 


u 

^51 

3 

"^"*0.01 «F 2 

^O-OImF | 

rrp 



TUNING METER 
1 50 ai A 
FULL-SCALE 
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Typical Performance Characteristics 


AM Rejection (30% Mod) vs 
IF Input Signal 



1 10 100 Ik 10k 100k 1000k 


IF INPUT VOLTAGE (pV) 


Mute Control Output 
(Pin 12) vs IF Input Signal 



IF INPUT VOLTAGE (piV) 


Typical Audio Attenuation 
(Pin 6) vs Mute Input 



0 0.5 1 1.5 2 2.5 3 

MUTE INPUT VOLTAGE (PIN 5) (V) 


Muting Action, Tuner AGC, 
and Tuning Meter Output 
as a Function of Input 
Signal Voltage 


AFC Characteristics 
(Current at Term 7 as a 
Function of Change in 
Frequency) 




Deviation Mute Threshold 
as a Function of Load 
Resistance (Between Term 
7 and Term 10) 



0 5 10 15 20 25 

LOAD RESISTANCE 

(BETWEEN TERM 7 AND TERM 10) (kft) 


Typical Limiting and Noise 
Characteristics 



SIGNAL LEVEL (pV) 
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LM3820 



National 

Semiconductor 


Audio, Radio and TV Circuits 


LM3820 AM Radio System 


General Description 


Features 


The LM3820 is a 3-stage AM radio 1C consisting of an RF 
amplifier, oscillator, mixer, IF amplifier, AGC detector, and 
zener regulator. 

The device was originally designed for use in slug-tuned 
auto radio applications, but is also suitable for capacitor- 
tuned portable radios. 

The LM3820 is an improved replacement for the LM1820. 


■ Input protection diodes 

■ Good control on sensitivity 

■ Improved S/N and tweet 

■ Versatile building-block approach 

■ Gain-controlled RF stage 

■ Cascode IF amplifier 

■ Regulated supply 

■ Pin compatible with LM1820 


Connection Diagram 

Dual-In-Line Package 


Circuit Schematic 



Order Number LM3820N 
See NS Package N14A 
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Absolute Maximum Ratings 

Power Dissipation (Note 1) 700 mW 

Supply Voltage 16V 

Current into Supply Terminal (Pin 3) 35 mA 


Operating Temperature Range -25°Cto85°C 

Storage Temperature Range - 65 °C to 150 °C 

Lead Temperature (Soldering, 10 seconds) 300 °C 


Electrical Characteristics ( Figure i , t a =25°c, v s =6v unless noted) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Supply Current (l s ) 

No RF Input 

12 

18 

24 

mA 

Internal Zener Voltage (V z ) 


7.0 

7.5 

8.0 

V 

Input Sensitivity 

f = 1 MHz, 30% Mod 400 Hz 
Measure RF Input Level for 

10 mV Audio Output with 

Tuning Peaked 

15 

35 

70 

M v 

Signal to Noise Ratio 

f = 1 MHz, 30% Mod 1 kHz 
(S + N)/N at Audio Output 
with 100 mV RF Input 

22 

. 28 


dB 

Overload Distortion 

f = 1 MHz, 90% Mod 1 kHz 

THD at Audio Output 
with 30 mV RF Input 


6 

10 

% 


Note 1: Above T A = 25 C, derate based on Tj(M A x) = 150 °C and 0j A = 180 °C/W 

Typical Applications 

* 1 ■ ■ CIMIII A TCC 


SIMULATES 

L00PSTICK 

ANTENNA* 



--V' 


i 

Jll J 0.005 /iF 0.01 mF 


rio 


100 /A/ RF INPUT is equivalent to 
approx. 1 mV/meter field strength 


: See Applications Information 
for coil specifications 


FIGURE 1. Capacitor-Tuned Test Fixture 


LM3820 









LM3820 


Applications Information 

The circuit shown in Figure 1 is recommended as a start- 
ing point for portable radio designs. Loopstick antenna 
LI is used in place of LO, and the RF amplifier is used 
with a resistor load to drive the mixer. A double tuned cir- 
cuit at the output of the mixer provides selectivity, while 
the remainder of the gain is provided by the IF section, 
which is matched to the diode through a unity turns ratio 
transformer. R AGC may be used in place of C AGC to 
bypass the internal AGC detector and provide more 
recovered audio. 


An AM automobile radio design is shown in Figure 2. 
Tuning of both the input and the output of the RF 
amplifier and the mixer is accomplished with variable in- 
ductors. Better selectivity is obtained through the use of 
double tuned interstage transformers. Input circuits are 
inductively tuned to prevent microphonics and provide a 
linear tuning motion to facilitate push-button operation. 


Coil specifications for Figure 1 are as follows: 


VC 

AM PVC 

LI 

AM ANT 

L0, L2 

AM OSC 


525 kHz-1650 kHz 

980 kHz-2105 kHz 

CA = 140pF 

C B = 60 pF 

lie — 0 

nc "” T 

100 x 8 mm . . C q 

::G 

L = 650 >iH • 

Qu = 250 

G-p 

cJ"U 

L = 360 jjH 

Qu= 110 

T1 

AM 1st IF 

T2 

AM 2nd IF 

T3 

AM 3rd IF 

455 kHz 

455 kHz 

455 kHz 

O— 1 

m ~ 

O— 

71T 

O—I 

150 pF EXT l 

C = 180 pF C = 47pF 

Qu = 140 Qu = 120 

O-— < 

71T~ 

O— 

71T 

O— 1 

=W 

-WllV 35T 

IrU 

C = 180 pF 

Qu= 140 



PCB Layout for Figure 1 Circuit 
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Typical Applications (Continued) 



INPUT LEVEL kV RMS ) 


TRANSFORMERS 

T1: C = 130 pF primary & secondary 
primary to secondary tap ratio— 30:1 
Q = 60 

coupling— critical 

FIGURE 2. Slug-Tuned Auto Radio 


T2: C = 130 pF primary & secondary 
primary tap ratio— 8.5:1 
secondary tap ratio— 8.5:1 
Q = 60 

coupling— critical 
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LM4500A 


National 

Semiconductor 


Audio, Radio and TV Circuits 


LM4500A High Fidelity FM Stereo Blend Demodulator 


General Description 

The LM4500A provides low distortion and high FM stereo 
channel separation required in high fidelity stereo 
receivers. A phase locked loop technique is implemented 
in order to reject subcarrier harmonics and to remove all 
inductive components from the final system. The circuit 
can provide overall gain and prevents stereo to mono 
switching transients. An external voltage input is 
available for voltage controlled blend. 


Features 

■ Low distortion 0.1% typ 

■ High separation over the entire audio spectrum 

■ Adjustable gain 

■ High power supply rejection 45 dB typ 

■ Transient-free, automatic stereo/mono switching 

■ Requires no inductors 

■ Low output impedance 

■ Large input dynamic range 2.5 Vp-p 

■ High subcarrier harmonic rejection 

■ Voltage controlled blend 







National 

Semiconductor 


Audio, Radio and TV Circuits 


TBA120S IF Amplifier and Detector 


General Description 

The TBA120S is a monolithic integrated circuit specific- 
ally designed for audio detection in TV and FM radio 
receivers. It incorporates an 8-stage limiting IF amplifier 
and balanced detector plus a dc operated volume control. 

Features 

■ Electronic attenuator: replaces conventional ac volume 
control 

■ Volume reduction range 85 dB typ 

■ Sensitivity: 3 dB limiting voltage 30/iV typ 

■ Excellent AM rejection 68 dB typ at 10 mV 

■ Audio output voltage IV typ 

■ Wide supply voltage range (6-18V) 

■ Internal zener diode regulator 

■ Very low external component requirement 

■ Simple detector alignment: one coil 


The TBA120S is supplied in four groups depending on 
the resistance required between pin 5 and ground to 
attenuate the audio output by 30 dB. The group number 
as defined below is marked on the package. 


GROUP 

II 

III 

IV 

V 


R5-Gnd 

1. 9-2.2 

2. 1-2.5 

2.4-2.9 

2.8-3. 3 

k£2 


Pins 3 and 4 are connected to the collector and base of a 
transistor which may be used as an AF-preamplifier or 
as a switch. 

At pin 12 a zener-diode is accessible which can be used 
to stabilize the supply voltage of this integrated circuit 
or the voltage of other circuit elements irv the set. 


Connection Diagram 


Dual- In-Line Package 



Order Number TBA120S II, TBA120S III, 
TBA120S IV or TBA120S V 
See NS Package N14A 

Order Number TBA120SQ II, TBA120SQ III, 
TBA120SQ IV, TBA120SQ V 
See NS Package N14C 


Typical Application ( 5.5 mhzi Test Circuit ( 5.5 mhz> 
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TBA120S 


Absolute Maximum Ratings 







Supply Voltage, V1 1 

18V 

Transistor Base Current, I4 


2 mA 

Volume Control Voltage, V5 

4V 

Bias Resistance (Max), R13-14 


' 1 k £2 

Zener Current, 1 12 

20 mA 

Operating Temperature Range 

-15°C to +70°C 

Transistor Collector Current, I3 

5 mA 

Storage Temperature Range 

-65°C to +150°C 

Electrical Characteristics iv C c = 12 V. t a = 25O 






PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

•cc 

Supply Current 

R5 = 00 


10 

14 

18 

mA 



R5 = 0 


11 


20 

mA 

GV 

IF Voltage Gain 

f = 5.5 MHz 



68 

- 

dB 

Vo 

IF Output Voltage, Each 

Output, at Limiting 



170 

250 


mVp-p 

Vaf 

AF Output Voltage 

f = 5.5 MHz, Af = ±50kHz, 

0.7 

TO 


V 



fMOD = 1 kHz, V| 
Q = 45 

= 10 mV, 






Distortion (5.5 MHz) 

f = 5.5 MHz, Af = 25 kHz, 


1.5 


% 



f MOD = 1 kHz, V| 
Q = 45 

= 10 mV, 






Distortion (10.7 MHz) 

f = 10.7 MHz,Af = 

±50 kHz, 


0.2 


% 



f MOD = 1 kHz, V| 
Q = 20 

= 10 mV, 





' VLIM 

Input Voltage Before Limiting 

f = 5.5 MHz, Af = ±50 kHz, 


30 

60 

JUV 



f MOD = 1 kHz, Q 

= 45 





Z| 

Input Impedance 

f = 5.5 MHz 


15/6 

40/4.5 


k£2/pF 

Ro 

Output Resistance 



1.9 

2.6 

3.3 

kn 

Vaf max 

Volume Control Range 



70 

85 


dB 

Vaf min 








V8 

DC Component of the 

Output Signal 

V| =0 


6.2 

7.3 

8.4 

V 

a AM 

AM Rejection 

f = 5.5 MHz, Af = ±50 kHz, . 

50 

60 


dB 



f MOD = 1 kHz, V, 
m = 30% 

= 500/iV, 





a AM 

AM Rejection 

f = 5.5 MHz, Af = ±50 kHz, 


68 


dB 



*MOD = 1 kHz, V, 
m = 30% 

= 10 mV, 





R5 

Potentiometer Resistance 

1 dB Attenuation 



3.7 

4.7 

k a 

V5 

Voltage 

1 dB Attenuation 



2.2 

2.5 

V 

R5 

Potentiometer Resistance 

70 dB Attenuation 


1.0 

1.4 


kft 

V5 

Voltage 

70 dB Attenuation 



1.2 


V 


Noise Voltage at Output 

V| = 10 mV 



30 


AtV 

V12 

Zener Voltage 

Il2 = 5 mA 


1 1.2 

12 

13.4 

V 

Rz 

Zener Slope Resistance 




30 

50 

a 

Vcbo 

Breakdown Voltage 



45 

65 


V 

Vceo 

Breakdown Voltage 

I3 = 500mA 


18 

24 


V 

hfe 

Current Gain 

I3 = 1 mA 


50 

100 

500 
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TBA120U, TBA120T 


2 


Audio, Radio and TV Circuits 


National 
Semiconductor 

TBA120U, TBA120T IF Amplifier and Detector 

General Description Features 


The TBA120U, TBA120T is a monolithic integrated 
circuit specifically designed for audio detection in TV 
and FM radio receivers. It incorporates an 8 stage limiting 
IF amplifier and balanced detector plus a DC operated 
volume control. The circuit also provides connection 
facilities for a video tape recorder. The TBA120T is 
designed primarily for use with ceramic filters while the 
TBA120U is optimized for inductive tuning. 


■ Electronic attenuator: replaces conventional 
volume control 

■ Volume reduction range: 85 dB typ 

■ Sensitivity: 3 dB limiting voltage 30 juV typ 

■ Excellent AM rejection 68 dB typ 500 /iV 

■ Wide supply voltage range (6 to 18V) 

■ Easy video recorder connection 

■ Very low external component requirement 

■ Simple detector alignment: one coil 


Block and Connection Diagrams 



Dual-ln-Line Package 



Order Number TBA120U or TBA120T 
See NS Package N14A 

Order Number TBA120TQ or TBA120UQ 
See NS Package N14C 
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Absolute Maximum Ratings 







Supply Voltage, V1 1 

18V 

Current Pin 4, I 4 



5 mA 

Operating Temperature Range, T u -15°C to +70° C 

Operating Frequency Range, f 

Oto 12 MHz 

Storage Temperature Range, T s -40° C to +1 25°C 

Power Dissipation, P^ot 


400 mW 

Voltage Pin 5, V5 

6 V s 

Resistor Parallel to Pins 13 and 14 


1 kO 

Electrical Characteristics tv C c= i 2 v,t a = 25 °c) 






PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

•cc 

Supply Current 



9.5 

13.5 

17.5 

mA 

Gv 

IF Voltage Gain 

f = 5.5 MHz 



68 


dB 

v 0 

IF Output Voltage (Each Output 
Limiting) 




250 


mVp-p 

R 8 

Output Impedance 




1.1 


kfi 

R12 





1.1 


k a 

R3 

Input Impedance 




2 


kft 

R4 

Regulator Impedance 




12 


n 

V 8 

DC Output Level 

Vj = 0 



4 


V 

V12 


Vj = 0 



5.6 


V 

V4 

Regulator Voltage 



4.2 

4.8 

5.3 

V 

Vaf max 

Volume Control 



70 

85 


dB 

Vaf min 




Vaf 8 

Vaf3 

Video Recorder Output Ratio 




7.5 

, 


Vlim 

Sensitivity 

Vaf — 3 dB, f = 5.5 MHz 


30 

60 

/iV 

V8 

vTT 

Supply Rejection 




35 


dB 

V12 

vTT 





30 


dB 

R4-R5 

Impedance 


. 

1 


10 

k£2 

Vaf max 

Output Ratio 

R4— R5 = 5 k£7 


20 

28 

36 

dB 

Vaf 8 

R5-R1 = 13 k£2 






TBA120T Only 

Zi 

Input Impedance 

f = 5.5 MHz 



800/5 


H/pF 

aAM 

AM Rejection 

f = 5.5 MHz 

m = 30% 

Af = ±50 kHz 

Vj = 500 /iV 
fMOD = 1 kHz 


50 

60 


dB 

Vaf 8 

A.F. Output Voltage 

f= 5.5 MHz 



900 


mV 



fMOD = 1 kHz 






Vaf 12 


Af = ±50 kHz 



650 


mV 

TBA120U Only 

Zi 

Input Impedance 

f = 5.5 MHz 


15/6 

40/4.5 


k^/pF 

3AM 

AM Rejection 

f= 5.5 MHz 

Vj = 500 mV 
fMOD = 1 kHz 

Af = ±50 kHz 

m = 30% 


50 

60 


dB 


10 
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TBA120U, TBA120T 








TBA120U, TBA120T 


Electrical Characteristics (continued) (vcc= 12 V, ta = 25°o 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

TBA120U Only (Continued) 

Vaf8 

A.F. Output Voltage 

f= 5.5 MHz 

fMOD = 1 kHz 

Af = ±50 kHz 

Vj = 10 mV 

0 B = 45 


1.3 


V 

Vaf12 

A.F. Output Voltage 



1.0 


V 

k 

Distortion 

f = 5.5 MHz 

Af = ±50 kHz 

fMOD = 1 kHz 

Q B = 45 

Vj = 10 mV 


1 


% 


Typical Application (5.5 mhz) 



Circuit for Direct Connection to Video Recorders 


TO T8A120T, 
TBA120U 



Socket 1 : Switching voltage: on playback 
12V on record open circuit. 
Socket 2: Video recorder input/output. . 
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TBA440C 



National 

Semiconductor 


Audio, Radio and TV Circuits 


TBA440C Monolithic Video IF Amplifier 


General Description 

The TBA440C is a monolithic video IF amplifier for 
color and monochrome television receivers. 

The circuit includes three IF amplifier stages, a balanced 
video IF detector and a gated AGC section for the IF 
amplifier and PNP tuner. 


Features 

■ High gain— high stability 

■ Minimal noise increase, incurred by use of AGC 

■ Minimum RF breakthrough to video outputs 

■ Fast AGC action— gating largely independent of pulse 
shape and amplitude 

■ Very low intermodulation products 

■ Positive and negative video signals are available from 
low impedance outputs 

■ Integrated temperature compensating circuit 


Connection Diagram 


Dual-1 n-Line Package 



Order Number TBA440C 
See NS Package N16A 

Order Number TBA440CQ 
See NS Package N16C 


Test Circuit 

Vcc 



10-188 



Absolute Maximum Ratings 


Supply Voltage 
Current Into Pin 14 
Power Dissipation 

Maximum Resistance Between Pins 8 and 9 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


15V 
50 mA 
700 mW 
200 

-25° C to +70°C 
-65° C to +150°C 
300° C 


Electrical Characteristics (Ta = 25°C, Vqc = 13V, 1 14 = 40 mA, unless otherwise specified) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

h3 

Current Consumption 

V13 = 15V 

14.5 

17.5 

20.5 

mA 

V14 

Internal Supply Voltage 

1 14 = 40 mA, V||\| = 0 

5.5 

6.0 

6.8 

V 

VII 

DC Voltage at Output 

o 

ii 

z 

> 

5.5 

7 

8.5 

V 

V12 

DC Voltage at Output 


' 1.7 

3 

4.3 

V 

15 

Control Current for Tuner AGC 

(10 dB After Beginning of 
, the Tuner AGC, V5 > 2V) 

3 



mA 

V4 

IF Control Voltage for G|\/1AX 


0 


0.5 

V 

V4 

IF Control Voltage for G|\/|IN 


2.5 



V 

V7 

Voltage for AGC Gating Input 


-5 


-2 

V 

R 10-1 1 

Resistance for Output Voltage 

VII =3 Vp-p 

3 

4 

10 

k!2 

111, h2 

Available Output Current to 

Ground 




5 

mA 

hi' h2 

Available Output Current to Vcc+ 


-1 



mA 

Z1-16 

Input Impedance at GmaX 



1.8/2 


kH/pF 

Z1-16 

Input Impedance at Gmin 



1.9/0 


kH/pF 

V|N 

Input Voltage 

VII = 2 Vp-p, (Note 1) 


100 


mV 

V| N 

Input Voltage 

VII =3 Vp-p, (Note 1) 


150 


mV 

BviDEO 

Video Bandwidth 



9 


MHz 

Gv 

AGC Range 


50 

55 


dB 


Sound/Chroma Intermodulation 

Products 

(Note 2) 

-40 



dB 


Note 1: RMS of sync tip voltage, see test circuit. 
Note 2: Sound subcarrier— 24 dB 
Color subcarrier— 2 dB 
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TBA510 



National 

Semiconductor 


Audio, Radio and TV Circuits 


TBA510 Chrominance Combination 


General Description 

The TBA510 is an integrated chrominance amplifier 
circuit for color TV receivers incorporating a variable 
gain ACC circuit, a dc control for chroma saturation 


which can be ganged to the receiver contrast control, 
chroma blanking and burst gating functions, a burst 
output stage, a color killer and a PAL delay line driver. 


Connection Diagram 

Dual-In-Line Package 



TOP VIEW 

Dual-In-Line Package, Order Number TBA510 
See NS Package N16A 


Quad-In-Line Package, Order Number TBA510Q 
See NS Package N16C 


Typical Application 

220/jH 
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Absolute Maximum Ratings 


Power Dissipation, (T/\ = 60°C) 

VI- 16 
V13-16 
V14-16 
V8-16 

VI I- 16 
'8 = -'9 
hi = -> 12 

Operating Temperature Range 
Storage Temperature Range 
- Lead Temperature (Soldering, 10 seconds) 


550 mW 
13.2 V 
-5V 
-5V 
+20V 
+20 V 
20 mA 
20 mA 
— 20°C to +60°C 
-65°C to +1 50° C 
300°C 


Electrical Characteristics <vi -i6= i 2 v,t a = 25°o 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

CHROMINANCE SIGNAL (FED IN VIA 1 nF) 

V4-16 

Input Voltage Range 


15 


300 

mVp-p 

IZ4-16 i 

Input Impedance 


2 

3 


kQ 

BURST SIGNAL OUTPUT 

V12-16 

DC Voltage 



7.7 


V 

V12-16 

Output Signal 



1 


Vp-p 

hi 

Collector Current of Output 

Transistor 



4 


mA 


CHROMINANCE SIGNAL OUTPUT (BURST BLANKED INTERNALLY) 


V9-16 

DC Voltage 



6.8 


V 

V9-16 

Output Signal (Color Bars) at 

Nominal Saturation and Maximum 

Contrast 



1 


Vp-p 


Range of Contrast and Saturation 

Control 




+6 

dB 

>8 

Collector Current of Output 

Transistor 



5 


mA 

ACC INPUT 

V2-16 

ACC Threshold Voltage 



2.5 


V 

IZ2-16I 

Input Impedance 


50 



kf2 

CHROMA-SATURATION CONTROL 

VI 5- 16 

Control Voltage Range 


1.5 


4.5 

V 

IZ15-16 1 

Input Impedance 


50 



k£2 

CHROMA BLANKING PULSE 

V14-16 

Switching Level 



-1 


V 

IZ14-16I 

Input Impedance 



2 


k n 
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TBA530 



National 

Semiconductor 


Audio, Radio and TV Circuits 


TBA530 RGB Matrix Preamplifier 

General Description 


The TB A530 is an integrated circuit for color TV receivers 
incorporating a matrix preamplifier for R-G-B cathode or 
grid drive of the picture tube without clamping circuits. 


It has been designed to be driven from the TBA990 or 
TBA520 synchronous demodulator circuits and exhibits 
excellent channel matching and stability. 


Connection Diagram 


Dual-1 n-Line Package 



/ 


Dual-ln-Line Package, Order Number TBA530 
See NS Package N16A 


Quad-In-Line Package, Order Number TBA530Q 
See NS Package N16C 


Typical Application 



Note 1 : DC output voltages R, G and B are typically 140V in this circuit. 

Note 2: The voltage gain between pins 2, 3, 4 and collectors (BF336) is typically 100. 

Note 3: The normal bias voltage on pins 1, 11, 14 is 8 V. 

Note 4: Pin 7 requires a 4.7 nF decoupling capacitor. 

Note 5: DC bias level shift, provided by internal zeners between pins 1-16, 14-13 and 1 1-10, requires 
10 nF bypass capacitors for H.F. 
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Absolute Maximum Ratings 


V8-6 

h. hi/h4 
h0rh3»h'6 

Power Dissipation (T/\ = 60° C) 

Operating Temperature Range . 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


13.2V 
10 mA 
50 mA 
400 mW 
-20°C to +60°C 
~65°C to +1 50°C 
300°C 


Electrical Characteristics 

Measuring Conditions: Black Level: Vr.y = Vq-Y = Vb-Y = 7.5V, Vy = 1.5V, V8-6 = 12V, Ta = 25°C 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Ratio of Gain of Luminance 

As Measured.in Application 

0.9 


1.1 i 



Amplifier to Color Amplifiers 

Circuit 





R2-6 

Input Resistance of Color 

1 kHz 


60 


k£2 

R3-6 

Difference Amplifiers 



60 


kQ 

R4-6 




60 


kn 

C2-6 

Input Capacitance of Color 

1 MHz 


3 


PF 

C3-6 

Difference Amplifiers 



3 


PF 

C4-6 




3 


PF 

R5-6 

Input Resistance of Luminance 

1 kHz 


20 


k£2 


Amplifier * 






C5-6 

Input Capacitance of Luminance 

1 MHz 


10 


PF 


Amplifier 






B 

Bandwidth of all Channels 

3dB 


6 


MHz 

>8 

Total Current Drain 



30 


mA 

1? 

Bias Current 



2.5 


mA 


Schematic Diagram 
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TBA530 


Pin Function Description 


The function is quoted against the corresponding pin 
number. 

1. Output load resistor, blue signal. (Also pins 11 and 
14 for red and green signals respectively.) Resistors 
(47 k£2, 1W) connected to +200V provide the high value 
loads for the internal amplifying stages. The nominal 
operating potential on these pins is defined by the 1C 
and dc feedback and is approximately +8V. The maxi- 
mum current which can be allowed at each of these 
pins is 10 mA. 


2. — (B-Y) input signal. This signal is fed via a low-pass 
filter from the TBA520 demodulator 1C (pin 7) having 
a dc level of about +7.5V. The input resistance for this 
pin is typically 60 k£2 with' an input capacitance of less 
than 5 pF (similarly for pins 3 and 4). 


3. ~(G'Y) input signal. The dc black level of this signal 
is about +7.5V. (See pin 2.) 


4. -(R-Y) input signal. The dc black level of this signal is 
about +7.5V. (See pin 2.) 


5. Luminance signal input. The dc level on this pin for 
picture black is +1.6V. The required signal amplitude is 
IV black-to-white with negative-going syncs (or blanking) 
for cathode drive as shown. The input resistance at this 
pin is 20 k£2 approximately with a capacitance of less 
than 15 pF. 


6. Negative supply (earth). 


7. Current feed point. A current of approximately 2.5 
mA is required at this pin, fed via a 3.9 k£2 resistor from 
+12V, to bias the internal differential amplifiers. A de- 
coupling capacitor of 4.7 nF is necessary. 


8. Positive 12V supply. Maximum supply voltage per- 
mitted, 13.2V. Current consumption approximately 
30 mA. 


9. Red channel feedback (green channel, pin 12; blue 
channel, pin 15). The dc working points and gains of 
both the output stages and the 1C amplifier stages are 
stabilized by the feedback circuits. The black level po- 
tentials at the collectors of the output stages (tube 
cut-off) are adjusted by setting correctly the dc levels of 
the color difference signals produced by the TBA520 
demodulator 1C. The gains of the R-G-B output stages 
are adjusted to give the correct white points setting on 
the picture tube by adjusting the potentiometers in the 
feedback paths (VR1, VR2). (See notes on setting up 
decoder.) 


10. Red signal output (green and blue signal outputs on 
13 and 16). These pins are internally connected with 
pins 11,14 and 1 respectively via zener type junctions to 
give a dc level shift appropriate for driving the output 
transistor bases directly. To bypass the zener junctions 
at h.f. three 10 nF capacitors are required. 


11. Output load resistor, red channel (see pin 1). 


12. Green channel feedback (see pin 9). 


13. Green signal output (see pin 10). 


14. Output load resistors, green channel (see pin 1). 


15. Blue channel feedback (see pin 9). 


16. Blue signal output (see pin 10). 


Note 1: Careful attention to earth paths should be given, avoid- 
ing common impedances between the input (decoder) side and 
the output stages. Also, to enable matched performance to be 
achieved, a symmetrical board and component layout should be 
adopted for the three output stages. To compensate for the 
effect upon h.f. response of inevitable differences the compen- 
sating capacitors Cl and C2 and C3 may be appropriately selected 
for any given board layout. 

Note 2: The signal black level at the collectors of the R-G-B 
output stages depends upon the +12V supply, the dc level of the 
color difference signals from the TBA520 demodulator 1C and 
the black level potential of the luminance signal applied to the 
TBA530 matrix 1C. The dc levels of the signals produced and 
handled by the IC's are designed to have approximately propor- 
tional tracking with the 12V supply potential. 


AV (dc level, signal) Ynom (dc level, signal) 

i.e., - 

AV 12 v 12 


To ensure that changes in picture black level due to variations on 
the 12V supply to the IC's occur in a predictable way, all the 
IC’s should be operated from a common supply line. This is 
specially important for the TBA520 and TBA530. Furthermore, 
to limit the changes in picture black level during receiver opera- 
tion, the 12V supply should have a stability of not worse than 
±3% due to operational variations. 


Note 3: To reduce the possibility of patterning on the picture 
due to radiation of the harmonics of the products of the demod- 
ulation process, the leads carrying the drive signals to the picture 
tube should be as short as the receiver layout will allow. Resistors 
(typically Ik 5ft) connected in series with the leads and mounted 
close to the collectors of the output transistors provide useful 
additional filtering of harmonics. 
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£2 National 


Audio, Radio and TV Circuits 


Semiconductor 


TBA540 Reference Combination 

General Description 


The TBA540 is an integrated 'color reference' oscillator 
circuit for PAL TV receivers. The oscillator employs a 
quartz crystal and incorporates automatic phase and 
amplitude control. A synchronous demodulator is used 
to compare the phase and amplitude of the swinging 


burst ripple with the PAL flip-flop waveform and gen- 
erates appropriate ACC color killer and identification 
signals. A high standard of noise immunity has been 
obtained by using synchronous demodulation. 


Connection Diagram 

Dual-ln-Line Package 



Dual-ln-Line Package, Order Number TBA540 
See NS Package N16A 

Quad-In-Line Package, Order Number TBA540Q 
See NS Package N16C 


Typical Application 


REFERENCE OUTPUTS 
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TBA540 


Absolute Maximum Ratings 

V3-16 13.2 V 

Power Dissipation (Ta = 60°C) 780 mW 

Operating Temperature Range ~20°C to +60°C 


Storage Temperature Range -65 C to +150 C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (V3-16 = 12V, Ta = 25°C as measured in typical application circuit) 



Application Notes 

A dc connection between pins 4 and 6 is necessary via 
the bifilar coupling inductor. The function of this in- 
ductor is to produce, on pin 6, a signal of equal amplitude 
and opposite phase (B-Y) to that on pin 4. A center tap 
on the inductor, connected to earth via a dc blocking 
capacitor, is therefore necessary. 

DC Control Points in Reference Control Loop 

Pins 13 and 14 are connected to opposite sides of a 
differential amplifier circuit and are brought out for the 
purpose of dc balancing of the reactance stage and the 
connection of the bandwidth— determining filter network. 
Two 2% tolerance 10k resistors with the addition of a 
27012 resistor at pin 13 are used in place of the previous 


balancing network. The 27012 resistor may be modified 
according to the nature of the noise that appears at pin 5. 

Initial Adjustment 

(a) Remove burst signal. 

(b) Short-circuit pins 13-14. Adjust oscillator to correct 
frequency by Cl . 

(c) Set the ACC level adjustment RV1, to give +4V on 
pin 9. Remove short circuit. 

(d) Apply burst signal. 

(e) Adjust ACC gain, RV2, to give a burst amplitude of 
1.5Vp-p on pin 5. 
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Pin Function Description 


1. Oscillator feedback output. The crystal receives its 
energy from this pin. The output impedance is approxi- 
mately 2 k!2 in parallel with 5 pF. 


2. Reactance control stage feedback. This pin is fed 
internally with a sinewave derived from the reference 
output (pin 4) and controlled in amplitude by the internal 
reactance control circuit. The phase of the feedback 
from pin 2 to the crystal via Cl is such that the value of 
Cl is effectively increased. Pin 2 is held internally at a 
very low impedance, therefore the tuning of the crystal 
is controlled automatically by the amplitude of the feed- 
back waveform and its influence on the effective value 
of Cl. 


3. Positive 12V supply. The maximum voltage must not 
exceed 13.2V. 


4. Reference waveform output. This pin is driven in- 
ternally by the regenerated subcarrier waveform in 
B-Y phase. (The output is in B-Y rather than R-Y phase 
as the burst phase network produces a lag of 90° of the 
burst applied to pin 5). An output amplitude of nominally 
1.4Vp-p is produced at low impedance. No dc load to 
earth is required. A dc connection between pins 4 and 6 
is, however, necessary via the bifilar coupling inductor. 
The function of this inductor is to produce, on pin 6, a 
signal of equal amplitude and opposite phase (-(B-Y)) 
to that on pin 4. A center tap on the inductor, con- 
nected to earth via a dc blocking capacitor, is therefore 
necessary. 


5. Burst waveform input. A burst waveform amplitude 
of 1.5Vp-p is required to be ac-coupled to this pin. The 
amplitude of the burst will normally be controlled by 
the adjustment and operation of the ACC circuit. The 
input impedance at this pin is approximately 1 k!2 and a 
threshold level of 0.7V must be exceeded before the 
burst signal becomes effective. A dc bias of 400 mV is 
internally derived for pin 5. 

The absolute level of the tip of the burst at pin 5 will 
normally reach 1.5V (1.5Vp-p burst amplitude). 


6. Reference waveform input. This, pin requires a ref- 
erence waveform in the ~(B-Y) phase, derived from pin 4 
via a bifilar transformer (see pin 4), to drive the internal 
balanced reactance control stage. A dc connection be- 
tween pins 4 and 6 must be made via the transformer. 


7. Color killer output. This pin is driven from the 
collector of an internal switching transistor and requires 
an external load resistor (typically 10kl2) connected to 
+1 2V. The unkilled and killed voltages on this pin are then 


+12V and < 250 mV respectively. (The voltage range on 
pin 9 over which switching of the color killed output on 
pin 7 occurs is nominally +2.5V.) 


8. PAL flip-flop square wave input. A 2.5Vp-p square 
wave derived from the PAL flip-flop (in the TBA520 or 
TBA990 demodulator 1C) is required at this pin, ac- 
coupled via a capacitor. The input impedance is about 
3.3 k 12. 


9. ACC output. An emitter follower provides a low 
impedance output potential which is negative-going with 
a rising burst input amplitude. With zero burst input 
signal the dc potential produced at pin 9 is set to be 
+4V (RV1). The appearance of a burst signal on pin 5 
will cause the potential on pin 9 to go in a negative 
direction in the event that the PAL flip-flop is identified 
to be in the correct phase. The range of potential over 
which full ACC control is exercised at pin 9 is deter- 
mined by the control characteristic of the ACC amplifier, 
i.e., for the TBA560 from 0.8 to IV. The potential on 
pin 9 will fall to a value within this range as the burst 
input signal is stabilized to an amplitude of 1.5Vp-p. 
The latter condition is achieved by correct adjustment 
of RV2. If, however, the PAL flip-flop phase is wrong 
the potential on pin 9 will move positively. The potential 
divider R5, R6 will then operate a PAL switch cut-off 
function in the TBA520 demodulator 1C. 


10. ACC level setting. The network connected between 
pins 10 and 12 balances the ACC circuit and RV1 is 
adjusted to give +4V on pin 9 with no burst input signal 
to pin 5. C5 provides filtering. 


1 1 . ACC gain control. R V2 is adjusted to give the correct 
amplitude of burst signal on pin 5 (1.5 Vp-p) under ACC 
control. 


12. See pin 10. 


13. See pin 14. 


14. DC control points in reference control loop. Pins 
13 and 14 are connected to opposite sides of a differen- 
tial amplifier circuit and are brought out for the purpose 
of dc balancing of the reactance stage and the connection 
of the bandwidth-determining filter network. Two 2% 
tolerance 10k resistors with the addition of a 27012 
resistor at pin 13 are used in place of the previous 
balancing network. The 27012 resistor may be modified 
according to the nature of the noise that appears at pin 5. 

The filter network consists of R2, C2, C3 and C4. The 
dc potentials on these pins are nominally +6V. 
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Audio, Radio and TV Circuits 
Chrominance Control 


National 
Semiconductor 

TBA560C Luminance and 
Combination 

General Description 

The TBA560C is an integrated circuit for processing and 
controlling luminance and chrominance signals in PAL 
TV receivers. 

The luminance amplifier comprises: 

■ DC contrast control 

■ Brightness control 

■ Black level clamping 

■ Blanking of flyback 

■ Input matched to the luminance delay line 


The chrominance amplifier comprises: 

■ Gain-controlled amplifier 

■ DC chroma gain control tracked with contrast control 

■ Separate dc saturation control 

■ PAL delay line driver 

■ Burst gate 

■ Color killer 

■ Chroma signal flyback blanking 



Connection Diagram 


Dual-In-Line Package 



Dual-ln-Line Package, Order Number TBA560C 
See NS Package N16A 1 

Quad-In-Line Package, Order Number TBA560CQ 
See NS Package N16C 


Typical Application 



BEAM CURRENT 
LIMITING INPUT 
(EARTHY END OF 
EHT OVERWIND) 


+ 

| 

K 

— 


— 4 

— IlfcF 

— 25 V 


- 

— 1.5„F 

— 63 V 

y 
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TBA560C 


Absolute Maximum Ratings (Note n 






V1 1-16 


13.2 V 

>Q 




-10 mA 

V8-16 Min. 

-5V 

Continuous Total Power Dissipation 

550 mW 

V10-16 Min. 

-5V 

Operating Free Air Temperature Range -20°C to +60 C 

V12-16 


-5V to +6V 

Storage Temperature Range 

-65 C to +150 C 

V13-16 

-3V to +6.5V 

Lead Temperature (Soldering, 10 seconds) 

300 C 

V14-16 Min. 

-5V 






Electrical Characteristics withviM6 = i 2 v,T A = 

25°C (as measured in typical application circuit) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VI-15 

Chrominance Input Signal Range 

(Value of Color Bars With 75% 

Saturation) 



4 


80 

mVp-p 

'3 

Luminance Input Current 

Black to White 




0.5 

1.5 

mAp-p 

V2-16 

Contrast Control Characteristic 

Full Gain 



5.6 


V 



6 dB Attenuation 



3.7 


V 



20 dB Attenuation \ 


2.0 


V 



(Note 2) 






V6-16 

Brightness Control Voltage for 

Black Level of 1.5V at Pin 5 

(Note 3) 



1.3 


V 

V8-16 

Flyback Blanking Pulses 







V8-16 

For 0V Blanking Level at Pin 5 



0 

-0.5. 

-1 

Vp-p 


For 1.5V Blanking Level at Pin 5 



-2 

-2.5 

-3 

Vp-p 

V13-16 

Saturation Control Characteristic 

Full Gain 



6.2 


V 



6 dB Attenuation 



4.4 


V 



20 dB Attenuation 


2.7 


V 



(Note 2) 






hO . 

Burst Gating Pulse 



0.05 


1 

mAp-p 

V13-16 

Color Killer 



0.5 


1 

V 


Automatic Chrominance Control 







V14-16 

Voltage for Maximum Gain 




1.2 


V 


Voltage for Minimum Gain 




0.5 


V 


Gain Reduction 




26 


dB 


Input Resistance 



50 



k n 

V5-16 

Luminance Output Voltage (Black- 

White) at Nominal Contrast and 

Input Current as above 

(Note 2) 



1 

3 

Vp-p 


Black Level Shift Due to Changes 

of Contrast and Video Content at 

Constant Brightness Setting 





100 

mV 

V7-16 

Burst Output 

• 



1 


Vp-p 

V9-16 

Chrominance Output at Nominal 

Contrast and Saturation 

(Note 2) 



1 


Vp-p 


3 dB Bandwidth of Chrominance 




5 


MHz 


and Luminance Amplifier 

Matching of Luminance to 

Chrominance Ratio at 10 dB 

Contrast Control 



! 


2 

dB 

Note 1 : 

V2-16 and V13-16 must always be lower than V1 1-16. 






Note 2: 

Typical or nominal contrast or saturation = maximum value -6 dB. Thus the control is +6 to - 

14 dB on the nominal. 


Note 3: 

When V6-16 is increased above 1.7V the black level of the output signal remains at 2.7V. 
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Pin Function Description 


1. Balanced chroma signal input (in conjunction with 
pin 15). This is derived from the chroma signal bandpass 
filter, designed to provide a push-pull input. An input 
signal amplitude of at least 4 mVp-p is required between 
pins 1 and 15. Both pins require a dc potential of approx- 
imately +3.0V. This is derived as a common mode signal 
from a network connected to pin 7 (burst output). In 
this way dc feedback is provided over the burst channel 
to stabilize its operation. All figures for the chrominance 
signal are based on a color bar signal with 75% satura- 
tion; i.e., burst-to-chroma ratio of input signal is 1:2. 


2. DC contrast control. With +3.7V on this pin, the gain 
in the luminance channel is such that a 0.5 mA black-to- 
white input signal to pin 3 gives a luminance output 
signal amplitude on pin 5 of IV black-to-white. A 
variation of voltage on pin 2 between +5.6V and +2V 
gives a corresponding gain variation of +6 to > -14 dB. 
A similar variation in gain in the chroma channel occurs 
in order to provide the correct tracking between the two 
signals. Beam current limiting can be applied via the 
contrast control network as shown in the peripheral 
circuit, when a separate overwind is available on the line 
output transformer. 


3. Luminance signal input. This terminal has a very low 
input impedance and acts as a current sink. The lum- 
inance signal from the delay line is fed via a series 
terminating resistor and a dc blocking capacitor and 
requires to be about 0.5 mAp-p amplitude. A dc bias 
current is required via a 12 kli resistor to the +12V line. 


4. Charge storage capacitor for black level clamp. 


5. Luminance signal output. An emitter follower pro- 
vides a low impedance output signal of IV black-to-white 
amplitude at nominal contrast setting having a nominal 
black level in the range 0 to +2.7 V. An external emitter 
load resistor is required, not less than 1 k^2. If a greater 
luminance output is required than IV, with normal 
control settings, the input current swing at pin 3 should 
be increased in proportion. 


6. Brightness control. Over the range of potential +0.9 to 
+ 1.7V the black level of the luminance output signal 
(pin 5) is increased from 0 to +2.7V. The output signal 
black level remains at +2.7V when the potential on pin 6 
is increased above +1.7V. 


7. Burst output. A 1 Vp-p burst (controlled by the ACC 
system) is produced here. Also, to achieve good dc 
stability by negative feedback in the burst channel the 
dc potential at this pin is fed back to pinsl and 15 via 
the chroma input transformer. 


8. Flyback blanking input waveform. Negative-going"* 
horizontal and vertical blanking pulses may be applied 
here. If rectangular blanking pulses of not greater than 
-IV negative excursion, or dc coupled pulses of similar 
amplitude whose negative excursion is at zero volts dc are 
applied, the signal level at the luminance output (pin 5) 
during blanking will be 0V. However, if the blanking 
pulses applied to pin 8 have an amplitude of —2 to -3V 
the signal level at the luminance output during blanking 
will be +1.5V. The negative pulse amplitude should not 
exceed -5V. 


9. Chroma signal output. With a 1 Vp-p burst output 
signal (pin 7) and at nominal contrast and saturation 
setting (pins 2 and 13) the chroma signal output ampli- 
tude is 1 Vp-p. An external network is required which 
provides dc negative feedback in the chroma channel via 
pin 12. 


10. Burst gating and clamping pulse input. A positive 
pulse of not less than 50juA is required on this pin to 
provide gating in the burst channel and luminance channel 
black-level clamp circuit. The timing and width of this 
current pulse should be such that no appreciable en- 
croachment occurs into the sync pulse or picture line 
periods during normal operation of the receiver. 


11. +12V LT supply. Correct operation, occurs within 
the range 10.8 to 13.2V. All signal and control levels 
have a linear dependency on supply voltage but, in any 
given receiver design this range may be restricted due 
to considerations of tracking between the power supply 
variations and picture contrast and chroma levels. The 
power dissipation must not exceed 550 mW at 60°C 
ambient temperature. 

12. DC feedback for chroma channel (see pin 9). 

13. Chroma saturation control. A control range of +6 
to > — 14 dB is provided over a range of dc potential on 
pin 13 from 6.2 to 2.7V. Color killing is also achieved 
at this terminal by reducing the dc potential to less than 
+1 V, e.g., from the TBA540 color killer output terminal. 
The minimum "kill factor" is 40 dB. 


14. ACC input. A negative-going potential gives an ACC 
range of about 26 dB starting at +1.2V. From IV to 
800 mV the steepest part of the characteristic occurs, 
but a small amount of gain reduction also occurs from 
800 mV to 500 mV. The input resistance is at least 50 k£2. 

15. Chroma signal input (see pin 1). 

16. Negative supply, 0V (Earth). 


to 
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TBA920/TBA920S 


Absolute Maximum Ratings 


VI-16 


13.2V 

Operating Temperature Range 

-20° C to +60°C 

12 (Mean) 


20 mA 

Storage Temperature Range 

— 65°C to +150°C 

12 (Peak) 


200 mA 

Lead Temperature (Soldering, 10 seconds) 

300° C 

I 5 * *7» «9 


10 mA 

Power Dissipation (Ta = 60°C) 

- —O _ , . .... 

600 mW 


Electrical Characteristics at VI-16 = 12V, Ta = 25°C as measured in application circuit 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Current Consumption 






h 

Video Signal 

12 = 0 


36 


mA 

VI 

Input Voltage Range 


1 


7 

Vp-p 

IQ 

Input Current During Sync Pulse 



100 


ma 


Noise Gating (Pin 9) 






V9-16 

Input Voltage (Peak Value) 


0.7 



. V 

'9 

Input Current (Peak Value) 


0.03 


10 

mA 


Flyback Pulse (Pin 5) 






V5-16 

Input Voltage (Peak Value) 



±1 


V 

15 

Input Current (Peak Value) 


0.05 

1 


mA 

R5-16 

Input Resistance 



400 


SI 

t5 

Pulse Duration at 15,625 Hz 


10 , 



MS 


Composite Sync Pulses (Positive: Pin 7) 






V7-16 

Output Voltage 



10 


Vp-p 


Output Resistance 






R7-16 

At Leading Edge of Pulse (Emitter 

Follower) 



50 


n 

R7-16 

At Trailing Edge 



2.2 


kSl 

R7-16 (ext) 

Additional External Load Resistance 


2 



kSl 


Driver Pulse (Pin 2) 






V2-16 

Output Voltage 



. 10 


Vp-p 

'2 

Average Output Current 




20 

mA 

•2 

Peak Output Current 




200 

mA 

t 2 

Output Pulse Duration When 

Synchronized 


12 


32 

Ms 

*o tot 

Permissible Delay Between Leading Edge 
of Output Pulse and Flyback Pulse at t5 = I2jus 


0 


15 

MS 

VI-16 

Supply Voltage at Which Output Pulses 

are Obtained 


4 



V 


Oscillator 






fo 

Frequency; Free Running 

R15-16 = 3.3 kH, (Note 1) 


15,625 


Hz 

Af 0 

Spread of Frequency at Nominal Values 




±5 

■ % 

fo 

of Peripheral Components 






I A f ° I 

Frequency Change When Decreasing the 




10 

% 

fo 1 

Supply Down to Minimun 4V 






5f 0 /SV P 

Influence of Supply Voltage on Frequency 




5 

% 

fo/ Vp nom 

at Vp = 12V 






5f 0 /5li5 

Frequency Control Sensitivity 



16.5 


Hz/piA 


Control Loop 1 (Between Sync Pulse 
and Oscillator) 






V12-16 

Control Voltage Range 1 


0.8 


5.5 

V 


Control Current (Peak Values) 






l 12M 


V10-16 > 4.5V, V6-16> 1.5V 


±2 


mA 

'12M 


V10-16 < 2V, V6-16> 1.5V 


±6 


mA 
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Electrical Characteristics (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Loop Gain of APC System 






Af 

Time Coincidence Between Sync Pulse 



1 


k Hz/ps 

At 

and Flyback Pulse or V10-1 6 > 4.5V 






Af 

No Time Coincidence or V 1 0-1 6 < 2V 



3 


k Hz/ps 

At 







Af 

Catching and Holding Range 

(Note 2) 


±1 


kHz 

t 

Pull-in Time 

Af/f 0 = ±3% (Af = 470 Hz) 


20 


ms 

t 

Switch-over From Large Control 

Sensitivity to Small Control Sensitivity 

After Catching 



20 


ms 


Control Loop II (Between Flyback Pulse 

and Oscillator) 






*d tot 

Permissible Delay Between Leading Edge 
of Output Pulse (Pin 2) and Leading Edge 
of Flyback Pulse 


0 


15 

ps 

At 

Static Control Error 

(Note 3) 



0.5 

% 

At d 

Overall Phase Relation 






t 

Phase Relation Between Leading Edge of 
Sync Pulse and Middle of Flyback Pulse 

(Note 4) 


4.9 


MS 

lAtl 

Tolerance of Phase Relation 

(Note 5) 



1 

MS 

Af . 

Spread of Frequency at Nominal Values of 






fo 

Peripheral Components 







TBA920 




±5 

% 


TBA920S 




±2 

% 

V3-16 

Voltage 

t2 = 12/is 


6 


V 

V3-16 


ti = 32 ms 


8 


V 

'3 

Input Current 




2 

MA 


Time Constant Switch Voltage on Pin 10 






V10-16 


For Internal R11 = 15012 

4.5 



V 

V10-16 


For Internal R11 = 2 kS2 



2 

V 


Note 1: ■ The oscillator frequency can be changed for other TV standards by an appropriate value of Cl 4-1 6. 

Note 2: Adjustable with R1 2-1 5. 

Note 3: The control error is the remaining error in reference to the nominal phase position between leading edge of the sync pulse and the middle 
of the flyback pulse caused by a variation in delay of the line output stage. 

Note 4: This phase relation assumes a luminance delay line with a delay of 500 ns between the input of the sync separator and the drive to the 
picture tube. If the sync separator is inserted after the luminance delay line or if there is no delay line at all (black-and-white sets), then the phase 
relation is achieved by C5-16 = 560 pF. 

Note 5: The adjustment of the overall phase relation and consequently the leading edge of the output pulse at pin 2 occurs automatically by the 
control loop II or by applying a dc voltage to pin 3. 
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TBA950-2 


££] National 
Jut Semiconductor 


Audio, Radio and TV Circuits 


TBA950-2 Television Signal Processing Circuit 

General Description 


The TBA950-2 is a monolithic integrated circuit for 
pulse separation and line synchronization in TV receivers 
with transistor output stages. 

The TBA950 comprises the sync separator with noise 
suppression, the frame pulse integrator, the phase com- 
parator, a switching stage for automatic changeover of 


noise immunity, the line oscillator with frequency range 
limiter, a phase control circuit and the output stage. 

It delivers prepared frame sync pulses for triggering the 
frame oscillator. The phase comparator may be switched 
for video recording operation. Due to the large scale of 
integration, few external components are needed. 


Connection and Block Diagrams 


Dual-ln-Line Package 


PHASE COMPARATOR 
TIME CONSTANT 



TIME CONSTANT SWITCH 0/P 


Dual-ln-Line Package, Order Number TBA950-2 
See NS Package N14A 


Quad-In-Line Package, Order Number TBA950-2Q 
See NS Package N14C 


II I FRAME 50 

JULn ** 


SYNC SEPARATOR 
WITH NOISE 
SUPPRESION 


PHASE 

COMPARATOR 

CIRCUIT 



OSCILLATOR 

WITH 

FREQUENCY 
RANGE LIMITER 
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Absolute Maximum Ratings 

All voltages are referred to pin 1 


Recommended Operating 

(For operating circuits Figures 4 and 5) 

Conditions 

I 3 , Supply Current ( Figure 6) 

45 mA 

15 , Input Current During Sync Pulse 

>5 juA 

I 5 , Input Current 

2 mA 

V|N p-p. Composite Video Input Signal 

3 (1 to 6 )V 

V5, Input Voltage 

- 6 V 

llQ, Input Current During Line Flyback Pulse 

0.2 to 2 mA 

12 , Output Current 

22 mA 

lg, Switch-Over Current 

>2 mA 

V2, Output Voltage 

12V 

td. Time Difference Between the Output Pulse 


lg, Switch-Over Current for Video Recording 

5 mA 

at Pin 2 and the Line Flyback Pulse at 10 

<20 ms 

1-jq, Flyback Peak Pulse Current 

5 mA 

I 3 , Current Consumption (Figure 6) 

<45 mA 

VII, Phase Correction Voltage 

Oto V3 

T/\, Ambient Operating Temperature Range 

0°C to +60° C 

T/\, Ambient Temperature 

-60°C 



Electrical Characteristics t a = 

25°C, f Q = 

1 5,625 Hz in the test circuit Figure 2 (Note 1 ) 



SYMBOL 

CHARACTERISTIC 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V7 

Amplitude of the Frame Pulse 



>8 


V 

t7 

Frame Pulse Durations 



>150 


jus 

Rout 7 

Output Resistance at Pin 7 
(High State) 


’ 7.5 

10 

13 

kft 

t2 

Output Pulse Duration 

Typical Ranges 

25 


28 

Ms 

V2 Res 

Residual Output Voltage 

l 2 = 20 mA 


<0.55 


V 

fo 

Oscillator Frequency 

C13/1 = 10 nF, R14/1 = 10.5 kft 

14063 

15625 

17187 

Hz 

±Afp 

Frequency Pull-In Range 


400 


1000 

Hz 

±Af H 

Frequency Holding Range 

Typical Ranges 

400 


1000 

Hz 

df 0 /dtd 

Slope of Phase Comparator 
Control Loop 



2 


kHz/MS 

dtd/dtp 

Gain of Phase Control 



20 




Phase Shift Between Leading 
Edge of Composite Video 

Signal and Line Flyback Pulse 
(Note 2) Adjustable by VII 

Typical Range 

0 


3.5 

Ms 


Note 1 : By modification of the frequency-determining network at pins 13 and 14, these ICs can also be used for other line frequencies. 
Note 2: The limited flyback pulse should overlap the video signal sync pulse on both edges. 


Functional Description 

The sync separator separates the synchronizing pulses 
from the composite video signal. The noise inverter 
circuit, which needs no external components, in con- 
nection with an integrating and differentiating network 
frees the synchronizing signal from distortion and noise. 

The frame sync pulse is obtained by multiple integration 
and limitation of the synchronizing signal, and is avail- 
able at pin 7. The RC network, hitherto required between 
sync separator and frame oscillator is no longer needed. 
Since the frame sync pulse duration at pin 7 is subject 
to production spreads, it is recommended to use the 
leading edge of this pulse for triggering. 

The frequency of the line oscillator is determined by a 
10 nF polystyrene capacitor at pin 13 which is charged 
and discharged periodically by 2 internal current sources. 
The external resistor at pin 14 defines the charging 
current and consequently in conjunction with the oscil- 
lator capacitor the line frequency. 


The phase comparator compares the sawtooth voltage of 
the oscillator with the line sync pulses. Simultaneously, 
an AFC voltage is generated which influences the oscil- 
lator frequency. A frequency range limiter restricts the 
frequency holding range. 


The oscillator sawtooth voltage, which is in a fixed ratio 
to the line sync pulses, is compared with the flyback 
pulse in the phase control circuit, in this way compen- 
sating all drift of delay times in driver and line output 
stage. The correct phase position and hence the hori- 
zontal position of the picture can be adjusted by the 
10 k£2 potentiometer connected to pin 11. Within the 
adjustable range the output pulse duration (pin 2) is 
constant. Any larger displacements of the picture, 
e.g., due to non-symmetrical picture tube, should not 
be corrected by the phase potentiometer, since in all 
cases the flyback pulse must overlap the sync pulse on 
both edges (Figure 3). 
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Functional Description (Continued) 

The switching stage has an auxiliary function. When the 
2 signals supplied by the sync separator and the phase 
control circuit, respectively, are in synchronism, a 
saturated transistor is in parallel with the integrated 
2 k£2 resistor at pin 9. Thus the time constant of the 
filter network at pin 4 increases and consequently 
reduces the pull-in range of the phase comparator cir- 
cuit for the synchronized state to approximately 50 Hz. 
This arrangement ensures disturbance-free operation. 

For video recording operation, this automatic switchover 
can be blocked by a positive current fed into pin 8, 
e.g., via a resistor connected to pin 3. It may also be use- 
ful to connect a resistor of about 680 £2 or 1 k£2 between 
pin 9 and earth. The capacitor at pin 4 may be lowered, 
e.g., to 0.1 /iF. These alterations do not significantly 


influence the normal operation of the 1C and thus do 
not need to be switched. 


The output stage delivers at pin 2 output pulses of 
duration and polarity suitable for driving the line driver 
stage. If the supply voltage goes down (e.g., by switching 
off the mains) a built-in protection circuit ensures defined 
line frequency pulses down to V3 = 4V and shuts off 
when V3 falls below 4V, thus preventing pulses of 
undefined duration and frequency. Conversely, if the 
supply voltage rises, pulses defined in duration and fre- 
quency will appear at the output pin as soon as V3 
reaches 4.5V. In the range between V3 = 4.5V and full 
supply the shape and frequency of the output pulses are 
practically constant. 




*lnput circuitry must be optimized 

FIGURE 4. Operating Circuit (Thyristor Output Stage) 
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Functional Description (Continued) 



*lnput circuitry must be optimized 


FIGURE 5. Another Possibility for Line 
Frequency Adjustment (Transistor Output Stage) 



0 10 20 30 


V B (V) 


FIGURE 6. Graph for Determining 
the Supply Series Resistor, R s 


10 


10-211 


TBA950-2 





TBA970 


National 

Semiconductor 


Audio, Radio and TV Circuits 


TBA970 Television Video Amplifier 

General Description Feat 


The TBA970 is a monolithic video amplifier for television 
receivers. The circuitry includes a video preamplifier, 
DC contrast control utilizing a linear potentiometer 
which can be ganged to the chroma gain control, beam 
current limiting via contrast. Beam current limiting 
could be obtained with either positive or negative con- 
trol voltage. Black level control is achieved by a clamped 
feedback circuit combined with the brightness control. 
Emitter follower output could be used to directly drive 
the video output stage. A separate NPN transistor (Q40) 
is provided on the chip. 


Features 


DC contrast control 


DC brightness control 


■ Black level clamping 


Beam current limiting 


■ Low impedance output 


Connection Diagram 

Dual-ln-Line Package 


Q40 COLLECTOR - 


CONTRAST J_ 
CONTROL 

BEAM CURRENT J. 
FEEDBACK IN 


21 BLACK LEVEL 
FEEDBACK IN 

— DECOUPLE 

JH BLACK LEVEL 
STORAGE 
21 BRIGHTNESS 
CONTROL 

2L keying 

IN 2 

10 KEYING 
IN 1 

9 BEAM 
CURRENT 
CONTROL 


Dual-ln-Line Package, Order Number TBA970 
See NS Package N16A 

Quad- In-Line Package, Order Number TBA970Q 
See NS Package N16C 


Block Diagram 



DECOUPLE BRIGHTNESS 


BLACK LEVEL 
FEEDBACK IN 


FEEDBACK IN CONTROL 
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Absolute Maximum Ratings 


Supply Voltage 

15.5V 

VqES Q40 

15.5V 

Internal Power Dissipation 

750 mW 

Operating Temperature Range 

-20° C to +45°C 

Collector Current Q40 

10 mA 

Storage Temperature Range 

-55° C to +125°C 

Power Dissipation Q40 

20 mW- 

Lead Temperature (Soldering, 10 seconds) 

260° C 

VCEO Q40 

13.2V 



Electrical Characteristics 

T A =25°C ( V + = 

15V, See Test Circuit, unless otherwise specified 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

'2 

Supply Current 

(Note 1) 


27 

36 

mA 

V3 p-p 

Peak-to-Peak Input Voltage ‘ 

(Note 2) 



1.6 

Vp-p 

R3 

Input Resistance 



12 


k a 


Voltage Gain 



2.4 




3.0 dB Bandwidth 



6.0 


MHz 


6.0 dB Bandwidth 

Linearity of Black-to-White Video 
Output Signal 


0.9 

9.0 


MHz 

V15 

Low Black Level Voltage 




0.2 

V 

V15 

High Black Level Voltage 


3.0 



V 


Contrast Control Range 

1.5V < V7< 4.5V 

36 



dB 

R 1 2 

Input Resistance for Brightness 

Control 



200 


kH 

AV15 

Change of Black Level 

(Note 3) 



20 

mV 

V8, V9 

DC Voltage for Beam Current 

Limiting Inputs 

(Note 4) 


2.0 


V 


Separate Transistor Q40 Gain 

1C = I4 = 1-0 mA 

40 





Notel: No input signal and at minimum brightness. 

Note 2: With negative-going synchronizing pulse. 

Note 3: With constant brightness setting, due to change of picture content, contrast control setting and change in ambient temperature (AT A = 
20° C); black level clamping with t c = 1 jus, I-jq > 0.25 mA, V1 1 < 0.3V. 

Note 4: Beam current limiting occurs at V8 > V9. 

Test Circuit 
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National 
Semiconductor 

TBA990 Color Demodulator 

General Description 

The TBA990 is an integrated color demodulator circuit 
for color television receivers incorporating two active 
synchronous demodulators for the R-Y and B-Y chrom- 
inance signals, a matrix (producing the G-Y color 
difference signal), PAL phase switch and flip-flop. It is 


Audio, Radio and TV Circuits 


suitable for dc coupled drive to the picture tube when 
associated with the matrix integrated circuit (TBA530) 
and R-G-B output stages. Special attention has been 
given in the design to minimizing dc level drift with 
temperature. 



Connection Diagram 


Oual-ln-Line Package 



DuaMn-Line Package, Order Number TBA990 
See NS Package N16A 


Quad-In-Line Package, Order Number TBA990Q 
See NS Package N16C 


Typical Application 
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Pin Function Description 

1. Identification bias. The PAL flip-flop is stopped, for 
identification purposes, when the voltage on pin 1 in- 
creases above 6V. This threshold is internally generated 
and has a porportional behavior with the 12V supply 
voltage. The threshold level of 6V is chosen to match the 
output characteristic of the TBA540 and has a suffi- 
ciently high safety margin above the zero chroma signal 
level of 4V to eliminate spurious identifying. 


2. R-Y subcarrier reference input. A IVp-p signal is 
required via a dc blocking capacitor. Under no cir- 
cumstances should this signal be less than 0.5 Vp-p. The 
input resistance at this pin is typically 5 k£2. 


3. PAL square wave output. The amplitude is 3Vp-p 
from an emitter follower. No external load resistor is 
required. 


4. R-Y signal output (G-Y at pin 5 and B-Y at pin 7). 
These outputs require no external dc loads except that 
direct connection must be made via the low pass filters 
to the appropriate pins on the R-G-B matrix TBA530. 
In a complete circuit using the TBA530 and video output 
stages the dc levels of these outputs will be adjusted to 
give the correct setting of the picture tube drive black 
levels. The changes in dc level with supply voltage are 
proportional and track together. 

The unwanted products of demodulation occurring in 
the color difference outputs are chiefly 8.86 MHz and 
harmonics together with a small amount of 4.43 MHz 
due to possible unbalance in the demodulators. To 
avoid possible troubles in the receiver because of radia- 
tion of these demodulation products from the R-G-B 
drive circuits, low-pass. filters must be employed in each 
of the color difference outputs. The filters shown have 
a -3 dB bandwidth of 1 MHz, adequate attenuation of 
the 8.8 MHz component, and sufficient attenuation of 
the 4.4 MHz component to give less than 4 Vp-p ampli- 
tude at the picture tube cathodes. 


5. G-Y signal output (see pin 4). 


6. Positive v supply. The maximum allowable voltage on 
this pin is 13.2V. 


7. B-Y signal output (see pin 4). 


8. B-Y subcarrier reference input. The requirements here 
are identical with those for pin 2. 


9. DC level setting for B-Y output signal. This is a 
"common adjustment" which controls all three output 
dc levels together. 


10. Chrominance B-Y input signal. An input signal of 
approximately 360 mVp-p (color bars) is required at 
this pin. The input resistance is greater than 800f2 and 
the input capacitance is less than 10 pF. The spread in 
gain of the internal circuitry in the chrominance channel 
is ±10% maximum. 


11. DC level setting for G-Y output signal. This adjusts 
the G-Y output dc level relative to the B-Y dc level. 


12. DC level setting for R-Y output signal. This adjusts 
the R-Y output dc level relative to the B-Y dc level. 


13. Chrominance R-Y input signal. An input signal of 
approximately 500 mVp-p (color bars) is required at 
this pin. The input impedance and spread in gain is the 
same as for pin 9. 


14. Line pulse input (flip-flop synchronizing). A wave- 
form derived from the line timebase can be used for 
synchronizing providing that its amplitude lies between 
2V and 5Vp-p. The trigger point occurs where the 
negative-going edge crosses approximately +0.6V. Prior 
to this sufficient current must be supplied to pin 14 to 
turn the input transistor fully on. 


15. N.C. This pin should not be used for external 
connections. 


16. Negative supply (earth). 
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National 
Semiconductor 

TDA440 Video IF Amplifier 

General Description 

The integrated circuit has the following functions 
incorporated: 3 symmetrical IF (broad band) amplifier 
with first and second regulated stages, controlled color 
carrier demodulator; video post-amplifier with low pass 
response and output independent of supply fluctuations; 
gated AGC section for the I F amplifier; delayed regulated 
output voltage for the tuner pre-stage. 

Features 

■ High gain — high stability 

■ Constant input impedance indepedent of AGC 

■ Poor noise increase due to AGC action 

■ Negative video signal hardly affected by supply 
voltage variations 


■ Minimum RF breakthrough to video outputs 

■ Fast AGC action — gating largely independent of 
pulse shape and amplitude 

■ Very low intermodulation products 

■ Minimum differential error 

■ Positive as well as negative video signal available from 
low impedance outputs 

■ Integrated temperature compensating circuit 

■ DC output component adjustable (peak white) 

Applications 

■ Video IF amplifier for color and monochrome 
television receivers 



Connection and Block Diagrams 

Dual-In-Line Package 



Dual-ln-Line Package, Order Number TDA440 
See NS Package N16A 

Quad-In-Line Package, Order Number TDA440Q 
See NS Package N16C 
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Absolute Maximum Ratings 


Vg, Supply Voltage Range (Pin 13) 

10 to 15V 

VexT. External Voltage (Pin 4) 

3.2V 

IS, Supply Current of Low Voltage Stabilizer (Pin 14) 

50 mA 

Power Dissipation 


Vq, Open Loop Voltage (Pin 5) 

15V 

p TOT- T A <55°C 

700 mW 

Video DC Output Current 


Tj, Junction Temperature 

125°C 

Iq, Positive (Pin 12) 

5 mA 

T A , Ambient Temperature Range 

-25° C to +70° C 

Iq, Positive (Pin 12) 

30 mA 

tSTG. Storage Temperature Range 

-25°C to +125°C 

Iq, Negative (Pin 1 1 ) 
lQ, Negative (Pin 11) 

Vyy, White Level Control (R w) (Pin IQ) 

5 mA 

30 mA 

-1 to +3V 

Thermal Resistance 

RthJA* Junction Ambient 

100°C/W Max 


Electrical Characteristics Vg = 12V, Ta = 25°C, Reference point pin 3 unless otherwise specified 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

v s 

Supply Voltage 

Pin 13 

10 

12 

15 

V 

's 

Supply Current 

Pin 13 • 

15 

19 

25 

mA 

vs 

Supply Voltage 

Pin 14, 1$ = 40 mA 

5.5 

5.8 

6.4 

V 

VQ 

Negative Video DC Output 

Voltage 

Pin 11 

' 


5.5 


V 

Vq 

With White Level Adjustable 

Pins 10 and 1 1, Ryy = 00 



4.8 

V 



RW = 0 

6.5 



V 

Vq 

Peak Black Clamping Level for 

Negative Video DC Output 

Voltage 

Pin 11 

. 

1.75 

1.9 

2.15 

V 

iq 

Output DC Current 

Reference Point 

Pins 11 and 13 


3.2 


mA 

Vq 

Positive Video DC Output 

Voltage 

Pin 12 

' 


5.6 


V 

iq 

Available Tuner Control Current 

10 dB after Onset of Tuner 

Control Action (Note 1) 

Pin 5 

3 

4.5 


mA 

Vi 

Negative Gating Pulse 

Pin 7 

1.5 

3 

5 

vss 

-vq 

Composite Video Output. Level 

Pin 11 

Vq = 5.5V 


3.3 


vss 



Vq = 6.4V 


4.2 


Vss 

AA(|F) 

AGC Range 


50 

56 


dB 

Bvideo 

Video Bandwidth 

AvviDEO = -3dB 

8 

10 


MHz 

Avvideo 

Video Frequency Response Change 

aa(if) = so dB, bvideo = o-5 mhz 


1.0 

2.0 

dB 

Vi 

Symmetrical Input Voltage 

Pins 1-16, -v q = 3.3 V S S (Pin 1 1 ) 

100 

150 

220 

M v 


Maximum IF Voltage Level 

Pins 1 1 and 12 






Present at Video Outputs Over 

f= 38.9 MHz 



30 

mV 


the Full AGC Range 

f = 77.8 MHz (2. Harm) 



50 

mV 


Sound IF Voltage Level Present 
at Video Outputs with Selective 

Circuit 

Pin 12. f= 5.5 MHz, Bj/Tt = 30 dB 

30 



mV 

d 

Differential Gain of Negative 

Comp. Video Output Signal, for 

Full Black to White Swing 




15 

% 

a|M 

Suppression of Sound Carrier/ 

Color Subcarrier IP (1.07 MHz) 
with Respect to Color Subcarrier 

Level 


40 



dB 


Picture Carrier 



0 


dB 


IF Color Subcarrier Level 



-6 


dB 


IF Sound Carrier Level 



-24 


dB 


Input Impedance 







Reference Point 

Pin 16 





Rj 

A(|p) Max 

Pin 1 


1.4 


kfi 

r>. 




2 


PF 

Rj 

A(|F) Min 

Pin 1 


1.4 


kJ2 

Cj 




1.9 


PF 


Note 1 : On request > 7 mA 
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Schematic Diagram 






Test Circuit 


Q 


VIDEO OUTPUTS 



Note. Supply voltage must be disconnected before inserting the integrated circuit in the socket. 


Typical Application 


Improved Tank Circuit to Reduce Audio Interference and Chroma Beat 


T 



C = Parasitic capacitance at pins 
8 and 9 should be kept minimum 

Cg = 6—10 pF — series capacitance 

f 0 = 38.9-0 .8-2.75) MHz-series 
resonance frequency 

Rg ~ 1 .8—3.3 kf2 — series resonance 
damping determine the tuning 
characteristics 


i.e., Rg = 2.4 kft tuning range, f = 3 MHz 




National 

Km Semiconductor 


Audio, Radio and TV Circuits 
TDA2522 Color Demodulation Combination 


General Description 

The TDA2522 is an integrated synchronous demodulator 
combination for color television receivers incorporating 
the following features. 

Features 

■ 8.8 MHz oscillator followed by a divider giving two 
4.4 MHz signals used as reference signals 

■ Keyed burst phase comparison for optimum noise 
behavior 


■ ACC detector and amplifier 

■ A color killer 

■ Two synchronous demodulators for the (B-Y) and 
(R-Y) signals 

a Temperature compensated emitter follower outputs 

■ PAL switch and PAL flip-flop with internal identifi- 
cation 

■ Integrated capacitors in the symmetrical demodu- 
lators reduce unwanted carrier-signals at the outputs 


Connection Diagram 

Dual-ln-Line Package 



Dual-ln-Line Package, Order Number TDA2522 
See NS Package N16A 

Quad-In-Line Package, Order Number TDA2522Q 
See NS Package N16C 


TOP VIEW 

Block Diagram 
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TDA2522 


Absolute Maximum Ratings 

V1 1-4, Supply Voltage 14V 

PTOT» Total Power Dissipation (Note 3) 600 mW 

TsTG» Storage Temperature -20° C to +1 25°C 

Ta, Operating Ambient Temperature -20°C to +60°C 


Electrical Characteristics vi 1-4 = 12V t a = 25 °e 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 


Supply Current 


40 


mA 


Demodulator Section 





VI-4 

B Y/R Y, 

V3— 4 

Ratio of Demodulator Signals 


1.78 



V2-4 , 

G-Y/R-Y, 

V3— 4 

(Note 1) 


0.85 



V2-4 

G-Y/R-Y, 

V3— 4 

(Note 2) 

Color Difference Output Signals, Peak-to-Peak 


0.17 


1 


■ Values 





R-Y, V3— 4 (p-p) 


2.40 



V 

G-Y, V2— 4 (p-p) 


1.35 



V 

B-Y, VI -4 (p-p) 

Impedance of Color Difference Signal Outputs 

3.00 



V 

|Z3-4| 



250 


a 

' 1Z2-4I 



250 


a 

|Z1-4| 



250 


a 


H/2 Ripple at R-Y Output (Peak-to-Peak Value) 



10 

mV 

VI 5-4 

Burst Keying Pulse (Positive-Going) 

Chrominance Input Signal (Including Burst) 

1.5 



V 


Peak-to-Peak Value 





R-Y, V6— 4 



500 


mV 

B-Y, V5-4 

Reference Section 


350 


mV 


' Phase Difference Between Reference Burst Signals 

-5 


5 

Deg. 


for ±400 Hz Deviation of Crystal Frequency 






Holding Range with Typical Crystal 


±500 


Hz 

VI 3-4 

ACC Reference Voltage 

ACC Voltage with 0.5V Peak-to-Peak Burst 


7 


V 

VI 4— 4 

At Correct Phase 


. 5.5 


V 

VI 4-4 

With Zero Burst 


7.0 


V 

VI 2-4 

ACC Amplifier Output with 0.5V Peak-to-Peak 



1.5 

V 


Burst of Correct Phase 





Rg-f 

Oscillator Input Resistance 


270 


a 

Rh-f 

Oscillator Output Resistance 


200 

- 

a 


Note 1: The demodulators are driven by a chrominance signal of equal amplitude for the (R-Y) and the (B-Y) components. The phase of the 
(R-Y) chrominance signal equals the phase of the (R-Y) reference signal. The same holds for the (B-Y) signals. 

Note 2: As under note 1, but the phase of the (R-Y) reference signal reversed. 

> Note 3: For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction temperature and a 

thermal resistance of 175°C/W junction to ambient. 
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National 

4 Si Semiconductor 

Audio, Radio and TV Circuits 

TDA2530, TDA2531 R-G-B Matrix Preamplifiers With 

Clamps 

General Description 



The TDA2530, TDA2531 are integrated R-G-B matrix This integrated circuit has been designed to' be driven 

preamplifiers for color television receivers, incorpor- from the TDA2522 synchronous demodulator and 

ating a matrix preamplifier for R-G-B cathode drive oscillator integrated circuit, 

of the picture tube with clamping circuits. The TDA2531 
has an emitter drive circuit while the TDA2530 has a 

base driver amplifier. Also, each channel follows an The device is also available in a zig-zag quad-in-line 

identical layout to ensure equal frequency behavior of package, this version being denoted by the suffix Q, 

the 3 channels. i.e., TDA2530Q. * 

Connection Diagram 



Dual-ln-Line Package 

LUMA SIGNAL I/P 


— GND 

-(R-Y) INPUT — ■ 


— RED SIGNAL FEEDBACK 

RED DRIVE ADJUST — 


14 

— REDO/P 

-(G-Y) INPUT — 


— GREEN SIGNAL FEEDBACK 

GREEN DRIVE ADJUST — 


— GREEN 0/P 

-(B-Y) INPUT — 


— BLUE SIGNAL FEEDBACK 

BLUE DRIVE ADJUST — 


10 

— BLUE 0/P 

CLAMP PULSE I/P — 


— SUPPLY 


TOP VIEW 


Dual-ln-Line Package, Order Number TDA2530 or TDA2531 

See NS Package N16A 

Quad-In-Line Package, Order Number TDA2530Q or TDA2531Q 

See NS Package N16C 

Reference Data 



Supply Voltage (Nominal) 

Operating Ambient Temperature Range 
Gain of Luminance and Color-Difference 
Channels (Typical) 

12V 

-25°C to +60° C 

100 
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TDA2530, TDA2531 


Absolute Maximum Ratings 

- ' 






Supply Voltage (V8— 6 Maximum) 

13.2V 





Storage Temperature, TgJG 

-25° C to +125°C 





Operating Ambient Temperature, T A 

-25°C to +60° C 





Electrical Characteristics vs-e = 

12V, V1-16 = 

1.5V, T A 

= 25° C 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Gain of Color Channels (B Y; G-Y; R-Y) 

G2-16 



100 



at f= 0.5 MHz (Note 1) 

G4-16 



100 




G6-16 



100 



Ratio of Gain of Luminance Amplifier to 



0.9 


1.1 


Color Amplifiers 







Input Resistance of Color Difference 

R2-6 


100 



ka 

Amplifiers at f = 1 kHz 

R3-6 


100 



k£l 


R4-6 


100 



kft 

Input Resistance of Luminance Amplifier 

R5-6 


100 



k£2 

at f = 1 kHz 







Note 1 : G is defined as the voltage ratio between the input signals at the pins 2, 4 and 6 and the output signals at the collectors of the output trans- 

istors. 







Pin Function Description 







1. Luminance signal input. A IV black to white posi- 

9. Positive 12V supply. 



tive-going luminance input signal is required. Blanking 






level should be at 1.5V and black level at 1.7V. 

10. Blue 

signal output. As far 

as video output stage 



drive is 

concerned, 

there are 2 possible drive modes 

2. -(R-Y) input signal, the input signal is 

required to 

from the output signal pins of the TDA2530. These are: i 

be AC coupled from a low impedance source such as 






the TDA2522. The coupling capacitor also acts as a 

a. Type A, output stage base drive, (TDA2530). 

clamp capacitor for the TDA2530 red output. As the 

b. Type B, output stage emitter drive, (TDA2531). 

color difference input impedance is at least 100 k£7, 






low value coupling capacitors may be used. 


11. Blue signal feedback. The signal gain 

of both the 



video output stages and 1C amplifier are stabilized by 

3. Red drive adjustment. A gain variation 

of the red 

the feedback circuits. DC clampinq is achieved by 

channel of at least ±3 dB about the typical, is obtained 

sampling of the feedback leve 

during blanking. The 

as the DC potential at this pin is varied by ±5V about 

black level potentials at the collectors of the video 

the typical of 5V. If no connection is made to a gain 

output stages may be varied independently by adjustable 

controlling pin the channel concerned assumes the 

DC current sources applied to the feedback input pins. 

typical gam. 


The DC levels at these pins are 

such that the feedback 



resistor and a .resistor network between the 12V supply 1 

4. -(G-Y) input signal (see pin 2). 


and earth provide a 

potential of 6V during blanking. 

5. Green drive adjustment (see pin 3). 


12. Green signal output (see pin 10). 


6. — (B-Y) input signal (see pin 2). 


13. Green signal feedback (see pin 11). 


7. Blue drive adjustment (see pin 3). 









14. Red signal output (see pin 10). 


8. Clamp pulse input. A positive-going line pulse input 






is required and the pulse should exceed a threshold DC 

15. Red signal feedback (see pin 11). 


level set by the TDA2530 of 7V. An input current of 






about 1 mA is required. 


16. Negative supply (earth). 
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National 

Semiconductor 


Audio, Radio and TV Circuits 


TDA2560 Luminance and Chrominance Control 
Combination 


General Description 

The TDA2560 is a monolithic integrated circuit for use 
in decoding systems of color television receivers. The 
circuit .consists of a luminance and chrominance ampli- 
fier. The luminance amplifier has a low input impedance 
so that matching of the luminance delay line is very 
easy. 

Features 

■ DC contrast control 

■ Brightness control 

■ Black level clamp 


■ Blanking 

■ Additional video output with positive-going sync 

The chrominance amplifier comprises: 

■ Gain controlled amplifier 

■ Chrominance gain control tracked with contrast 
control 

■ Separate DC saturation control 

■ Combined chroma and burst output, burst signal 
amplitude not affected by contrast and saturation 
control 

■ The delay line can directly be driven by the 1C 


Connection Diagram 


Dual-ln-Line Package 



TOP VIEW 

Dual-ln-Line Package, Order Number TDA2560 
See NS Package N16A 

Quad-In-Line Package, Order Number TDA2560Q 
See NS Package N16C 
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Absolute Maximum Ratings 

V8-5, Supply Voltage 14V 

TsTG' Storage Temperature -55° C to +125°C 

Ta, Operating Ambient Temperature -25°C to +70°C 

Electrical Characteristics 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

V8-5 

Supply Voltage Range 

9 

12 

14 

V 

'8 

Supply Current 


46 


mA 

V8— 5 (p-p) 

Allowable Hum on Supply Line (Peak-to-Peak Value) 



100 

mA 

The following data are measured at V8 = 12V, Ta = 25°C 





'R(p-p) 

Luminance Amplifier 

Input Current; Black-to-White Level (Peak-to-Peak Value) 


0.2 


mA 

IZi 

. 

Input Impedance 


75 


12 


Gain (Pin D), (Note 1) 





V6— 5 

Burst Signal (Peak-to-Peak Value) 



6 

V 


Contrast Control Range 

20 



dB 

VII 

Brightness Control Range (Black Level) 

1 


3 

V 


Black Level Stability When Changing Contrast, 

Video Contents and Temperature 


±20 


mV 

B 

Bandwidth (—3 dB) 


5 


MHz 

V15-5 

Output Voltage (Additional; Positive-Going Sync) 

Peak-to-Peak Value 


3.4 


V 

V7— 5 

Black Level Clamp Pulse (Note 2) 


6 


V 

V9 

V9 

Blanking Pulse (Note 3) 

At 0V at the Output 

At 1.5V at the Output 


2 

5 


V 

V 

VI -2 (p-p) 

Chrominance Amplifier 

Input Signal Range (Peak-to-Peak Value) 

4 


80 

mV 

V6-5 (p-p) 

Obtainable Chrominance Output Signal (Note 4) 

Peak-to-Peak Value 

Ratio of Burst and Chrominance at Nominal 

Contrast and Saturation, (Note 5) 


2 



V3-5 

ACC Starting Voltage (Note 6) 


1.2 


V 


ACC Range 

30 



dB 


Tracking with Contrast Control (10 dB Control) 

-1 


1 

dB 


Saturation Control Range 

20 



dB 

V7— 5 

Burst Gate Pulse (Note 2) 


1.5 


V 

S/N 

Signal to Noise Ratio at Nominal Input Voltage 

50 



dB 


Phase of Burst to Chrominance 

-5 


5 

Deg. 


Note 1 : The gain of the luminance amplifier can be adjusted, by setting the gain of the contrast control circuit by selection of discrete resistor Rq 
( see also circuits on pages xx and xx). This circuit configuration has been chosen to reduce the spread of the gain to a minimum (main cause of 
spread is now the spread of the ratio of the delay line matching resistors and the resistor Rq). At Rq = 2.7 kft the output voltage at nominal 
contrast (maximum — 3 dB) is 3V black to white. 

Note 2: This pin (7) is used for burst gate and black level clamping. The latter function is actuated at a 6V level. The input pulse must have such 
an amplitude that the clamping circuit is active only during the back porch of the blanking interval. The burst gate, which switches the gain of the 
chroma amplifier to maximum during the flyback time, is actuated at a 1 .5V level. 

Note 3: This pin (9) is used for blanking the luminance amplifier. When the input pulse exceeds the 2V level the output signal is blanked to a 
level of about OV. When the input exceeds a 5V level, a fixed level of about 1.5V is available at the output. This level can be used for clamping 
purposes. 

Note 4: The chrominance and burst signal are both available on this pin (6). The burst signal is not affected by the contrast and saturation control 
and is kept constant by the ACC circuit of the TDA2522. The output signal amplitude is, therefore, determined by the losses in the delay line. 
At nominal contrast and saturation setting, the burst to chrominance ratio at the output is typically identical to the ratio at the input. 

Note 5: Nominal contrast is specified as maximum contrast —3 dB. Nominal saturation is specified as maximum saturation —6 dB. 

Note 6: A negative-going control voltage gives a decrease in gain. 
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National Audio, Radio and TV Circuits 

Semiconductor 

TDA2590 Line Oscillator Combination 


General Description Connection Diagram 

The TDA2590 is an integrated line oscillator circuit for 
color television receivers using thyristor or transistor 
line deflection output stages. 

_ . Dual-In-Line Package 

Features 


■ Line oscillator based on the threshold switching 
principle 

■ Phase comparison between sync pulse and oscillator 
voltage 

■ Phase comparison between line flyback pulse and 
oscillator voltage 

■ Switch for changing the filter characteristic and the 
gate circuit (when used for VCR) 

■ Coincidence detector 

■ Sync separator 

■ Noise separator 

■ Vertical sync separator 

■ Color burst keying and line flyback blanking pulse 
generator 

■ Phase shifter for the output pulse 

■ Output pulse duration switching 

■ Output stage for direct drive of thyristor deflection 
circuits 


Reference Data 


PARAMETERS 

MIN 

TYP 

MAX 

UNITS 

VI-16 

Supply Voltage 


12 


V 

h 

Supply Current 


30 


mA 


Input Signals 





V9-16 (p-p) 

Sync Separator Input Voltage (Peak-to-Peak Value) 


3 


V 

VI 0—16 (p-p) 

Noise Separator Input Voltage (Peak-to-Peak Value) 


3 


V 


Pulse Duration Switch Input Voltage 





V4-16 

t = 6 ms 

8.2 


13.2 

V 

V4-16 

t = 24 /us + td x 

0 


4.0 

V 

V1 1 — 16 

Voltage for Switching on VCR 

9 


12 

V 



0 


1.5 

V 


Output Signals 





V8-16 (p-p) 

Vertical Sync Output Pulse (Peak-to-Peak Value) 


11 


V 

V7— 16 (p-p) 

Burst Gating Output Pulse (Peak-to-Peak Value) 


11 


V 

V3— 16 (p-p) 

Line Trigger Pulse (Peak-to-Peak Value) 


10.5 


V 



Dual- In-Line Package, Order Number TDA2590 
See NS Package N16A 


Quad-In-Line Package, Order Number TDA2590Q 
See NS Package N16C 
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Absolute Maximum Ratings 

Voltages 

VI - 16, Supply Voltage at Pin 1 (When Supplied 
by the 1C) 

V2-16, Supply Voltage at Pin 2 

V4-16, Pin 4 Voltage 

V9-16, Pin 9 Voltage 

V10-16, Pin 10 Voltage 

VI I- 16, Pin 11 Voltage 

Currents 

l2M» Pin 2 Current (Peak Value) 

13M' Pin 3 Current (Peak Value) 

Electrical Characteristics vi- 

13.2V l 4 . Pin 4 Current 

±16, Pin 6 Current 

18V I7, Pin 7 Current 

0 to 13.2V 1 ^ 1 , Pin 1 1 Current 

-6 to +6V Power Dissipation 

-6 to +6V p TOT* Total Power Dissipation (Note 6) 

0 to 13.2V Temperatures 

T$TG» Storage Temperature 

400 mA Ta, Operating Ambient Temperature 

400 mA 

16= 12V;Ta = 25°C 

- 

1 mA 

10 mA 

10 mA 

2 mA 

715 mW 

-20° C to +125°C 
-20° C to +60°C 

PARAMETER 

MIN 

TYP 

MAX 

■1 

REQUIRED INPUT SIGNALS 


Sync Separator 








V9-16 

Input Switching Voltage 




0.8 



V 

>9 

Input Switching Current 


5 




100 

mA 

! 9 

Input Blocking Current at V9-16 = -5V 



<1 



HA 


Noise Separator 








VI 0-1 6 

Input Keying Voltage 




1.0 



V 

. V10-16 

Input Switching Voltage 




1.4 



V 

ho 

Input Keying Current 


5 




100 

MA 

ho 

Input Switching Current 




150 



(iA 

ho 

Input Blocking Current at VI 0—16 = — 5V 



<1 



HA 


Line Flyback Pulse 








>6 

Input Current 




>10 



juA 

V6-16 

Input Switching Voltage 




0.8 



V 

V6-16 

Input Limiting Voltage 


-0.7 




1.4 

V 

R6-16 

Input Resistance 




0.4 



k ft 


Pulse Duration Switch 









For t = 6 jus 








V4-16 

Input Voltage 


8.2 




13.2 

V 

u 

Input Current 




>200 



ma 


For t = 24 jus + td 








V4-16 

Input Voltage 


0 




4.0 

V 

-»4 

Input Current 




>200 



JLtA 


For t = 0; V4— 16 = 0 








V4-16 

Input Voltage, (Note 1) 




6.0 



V 

*4 

Input Current (Input Open) 



0 



juA 


Switching on VCR 








V1 1—16 

Input Voltage, (Note 2) 


0 




1.5 - 

V 

VI 1—16 



9 




13.2 

V 

-«11 

Input Current, (Note 2) 




>200 



ma 

hi 



1 




2 1 

mA 

DELIVERED OUTPUT SIGNALS 


Vertical Sync Pulse (Positive-Going) 



— 




V8— 16 (p-p) 

Output Voltage (Peak-to-Peak Value) 

10 


11 



V 

R8 

Output Resistance 




5 



k!2 


Burst Gating Pulse (Positive-Going) 







V7-16 

Output Voltage (Peak-to-Peak Value) 

10 


11 



V 

R7 

Output Resistance 




0.4 



k a 


10-230 















Electrical Characteristics (continued) 

PARAMETER 1 

MIN 

TYP 

MAX 

UNITS 

] DELIVERED OUTPUT SIGNALS (CONTINUED) | 


Blanking Pulse 





V7-16 (p-p) 

Output Voltage (Peak-to-Peak Value) 


3.0 


V 

R7 

Output Resistance 


0.4 


kn 


Line Trigger Pulse (Positive-Going) 





V3-16 (p-p) 

Output Voltage (Peak-to-Peak Value) 


10.5 


V 

*3(AV) 

Output Current (Average Value), (Note 3) 


100 


mA 

R3-16 

Output Resistance for Leading Edge of Line Pulse 


2.5 


n 

R3-16 

Output Resistance for Trailing Edge of Line Pulse 


20 


n 


Oscillator 





V14-16 

Threshold Voltage Low Level 


4.4 


V 

V14-16 

Threshold Voltage High Level 


7.6 


V 

-1 14 

Discharge Current 


0.47 


mA 

V15-16 

Current Source Supply Voltage 


6.0 


V 

—*15 

Current Source Supply Current 


0.5 


mA 


Phase Comparison (01; Sync Pulse-Oscillator) 





V13-16 

Control Voltage Range 

3.8 


8.2 

V 

±*13M 

Control Current (Peak Value) 

1.9 

2.1 

2.3 

mA 

*13 

Output Blocking Current. 






At -VI 3— 16 = 4— 8 V 



1 

UA 


Output Resistance 






At V13-16 = 4-8V, High Ohmic (Note 4) 

At VI 3— 16 < 3.8V or > 8.2V, Low Ohmic, 






(Note 5) 






Time Constant Switch 





VI 2— 16 

Output Voltage 


6 


V 

+112 

Output Current 

Output Resistance 



1 

mA 

R12-16 

At V1 1-16= 2.5 to 7V 


0.1 


kn 

R12-16 

At V1 1-16 < 1.5V or > 9V 


60 


k a. 


Coincidence Detector (03) 





VI 1—16 

Output Voltage 

Output Current (Peak Value) 

0.5 


6 

V 

*1 1M 

Without Coincidence 


0.1 


mA 

-*11M 

With Coincidence 


0.5 


mA 


Phase Comparison (02; Oscillator-Line 

Flyback Pulse) 





V5-16 

Control Voltage Range 

5.4 


7.6 

V 

±l 5 

Control Current (Peak Valuer) 

Output (Input) Resistance 


1 


mA 


At V5-16 = 5.4 to 7.6V, High Ohmic, 

(Note 4) 





R5-16 

At V5— 16 < 5.4V or > 7.6V 


8 


kH 


Input Current at Blocked Phase Detector 





*5 

V5— 16 = 6.5V 



5 

juA 

Note 1: Can also be not connected. 

Note 2: When supplied by the 1C. 

Note 3: Higher values are allowed when reducing P tot . 

Note 4: Current source. 

Note 5: Emitter follower. 





Note 6: For operation 

in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction temperature and a 1 

thermal resistance of 175°C/W junction to ambient. 
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Applications Information 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 


Sync Separator 





V9-16 (p-p) 

Input Voltage (Without Video; Peak-to-Peak Value) 

1 

3 

7 

V 

'9 

Input Keying Control 



100 

juA 


Noise Signal Keying 





V10-16 (p-p) 

Input Voltage (Without Video; Peak-to-Peak Value) 

1 

3 

7 

V 

ho 

Input Keying Current 



100 

MA 

v n(p-p) 

Superimposed Noise Voltage (Peak-to-Peak Value) 



7 

V 


Vertical Sync Pulse Separator 





tON 

Delay Between Leading Edge of Input and Output 


12 


jus 


Signal 





tOFF 

Delay Between Trailing Edge of Input and Output 

tON 



jus 


Signal 





. V8— 16 (p-p) 

Output Voltage (Peak-to-Peak Value) 


11 


V 

R8-16 

Output Resistance 


5 


k a 


Oscillator 





fo 

Frequency; Free Running (C14— 6 = 4.7 nF, 


15.625 


kHz 


R15— 16 = 12 kfi) 





Afo/fo 

Spread of Frequency, (Note 1) 


<±5 


% 

Af 0 /AI 15 

Frequency Control Sensitivity 


31 


Hz/juA 

Afo/fo 

Adjustment Range of Network in Figure 1 


±10 


% 

Af 0 /f 0 

Influence of Supply Voltage on Frequency at 




% 

AV/Vjyp 

VI-16 = 12V, (Note 1) 



0 

Af 0 

Change of Frequency when VI— 16 Drops to 4V 



10 

% 


Phase Comparison (01; Sync Pulse-Oscillator) 

Control Sensitivity 


2 


k Hz/jus 


Spread of Control Sensitivity, (Note 1) 


±10 


% 

Af 

Catching and Holding Range (82 k!2) 


±780 


Hz 

Af/f 

Spread of Catching and Holding Range, (Note 1) 

Phase Comparison (02; Oscillator-Line Flyback Pulse) 


±10 


% 

td 

Permissible Delay Between Leading Edge of Output 

15 



MS 


Pulse and Leading Edge of Flyback Pulse 





At/Atd 

Static Control Error 


<0.2 


% 


Overall Phase Relation 





t 

Phase Relation Between Middle of Sync Pulse and 


2.6 


JUS 


the Middle of the Flyback Pulse 





lAtl 

Tolerance of Phase Relation 



0.7 

JUS 


Adjustment Sensitivity, Caused By: (Note 2) 





' A V 5— 16/At 

Adjustment Voltage 


0.1 


v/jus 

Al 5 /At 

Adjustment Current 


30 


MA/jus 


Spread of Adjustment Current, (Note 1 ) 


<10 


% 


Burst Gating Pulse 





t 

Phase Relation Between Middle of Sync Pulse at 

5.8 

6.75 

7.7 

MS 


the Input and the Trailing Edge of the Burst 

Gating Pulse; V7— 16 = 7V 

' 

1 




t7 

Burst Gating Pulse Duration 


5 


M s 
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Applications Information (Continued) 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 


Line Trigger Pulse 

Output Pulse Duration 





t P 

At V4— 16 > 8.2V 

4.5 

6 

7.5 

MS 

X P 

At V4— 16 < 4V 


24+t d 


MS 

VI-16 

Supply Voltage for Switching Off the Output Pulse 


4 


V 


Internal Gating Pulse 





t P 

Pulse Duration 


7.5 


Ms 

t 

Time Between Leading Edge of the Gating Pulse 


>2.75 


Ms 


and the Middle of the Sync Pulse 


3.75 


MS 

t 

Time Between Trailing Edge of the Gating Pulse 


>2.75 


MS 


and the Middle of the Sync Pulse 


3.75 


MS 


Note 1 : Exclusive external components tolerances. 

Note 2: The adjustment of the overall phase relation and consequently the leading edge of the output pulse occurs automatically by phase control 
02. The values beyond this point count if additional adjustment is required. 
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National 

Semiconductor 


Transistor/ Diode Arrays 


LM194/LM394 Supermatch Pair 


General Description 

The LM194 and LM394 are junction isolated ultra 
well-matched monolithic NPN transistor pairs with an 
order of magnitude improvement in matching over con- 
ventional transistor pairs. This was accomplished by 
advanced linear processing and a unique new device 
structure. 

Electrical characteristics of these devices such as drift 
versus initial offset voltage, noise, and the exponential 
relationship of base-emitter voltage to collector current 
closely approach those of a theoretical transistor. Extrin- 
sic emitter and base resistances are much lower than 
presently available pairs, either monolithic or discrete, 
giving extremely low noise and theoretical operation over 
a wide current range. Most parameters are guaranteed 
over a current range of 1/iA to t mA and OV up to 40V 
collector-base voltage, ensuring superior performance 
in nearly all applications. 

To guarantee long term stability of matching parameters, 
internal clamp diodes have been added across the emitter- 
base junction of each transistor. These prevent degrada- 
tion due to reverse biased emitter current— the most 
common cause of field failures in matched devices. The 
parasitic isolation junction formed by the diodes also 
clamps the substrate region to the most negative emitter 
to ensure complete isolation between devices. 


The LM194 and LM394 will provide a considerable im- 
provement in performance in most applications requiring 
a closely matched transistor pair. In many cases, trim- 
ming can be eliminated entirely, improving reliability 
and decreasing costs. Additionally, the low noise and 
high gain make this device attractive even where match- 
ing is not critical. 

The LM194 and LM394/LM394B/LM394C are available 
in an isolated header 6-lead TO-5 metal can package. 
The LM194 is identical to the LM394 except for tighter 
electrical specifications and wider temperature range. 

Features 

■ Emitter-base voltage matched to 50j uV 

■ Offset voltage drift less than 0.1/iV/°C 

■ Current gain (h FE ) matched to 2 % 

■ Common-mode rejection ratio greater than 120 dB 

■ Parameters guaranteed over 1/iA to 1 mA collector 
current 

■ Extremely low noise 

■ Superior logging characteristics compared to conven- 
tional pairs 

■ Plug-in replacement for presently available devices 


Typical Applications 


Low Cost Accurat e Square Root Circuit 
•OUT = 10“ 5 * \/10 v jN 


Low Cost Accurate Squaring Circuit 
'OUT “ 10“ 6 <V,n> 2 




*Trim for full scale accuracy 
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LM194/LM394 




LM194/LM394 


Absolute Maximum Ratings 


Collector Current 

20 mA 

Collector-Collector Voltage 

40V 

Collector-Emitter Voltage 

VMAX 

LM394C 

20 V 

Collector-Emitter Voltage 

40V 

Base-Emitter Current 

±10 mA 

LM394C 

20V 

Power Dissipation 

. 500 mW 

Collector-Base Voltage 

40V 

Junction Temperature 


LM394C 

20V 

LM194 

-55°Cto+125°C 

Collector-Substrate Voltage 

40V 

LM394/LM394B/LM394C 

-25° C to +85° C 

LM394C 

20V 

Storage Temperature Range 

-65° C to +150°C 



Lead Temperature (Soldering, 10 seconds) 

300° C 


Electrical Characteristics rr, = 25 °ci 


PARAMETER 


L(Vfl94 | 

LM394 

LM394B/LM394C | 

UNITS 





im 


Q| 

iyj| 

£2111 


Current Gain (h FE ) 

Vcb = 0V VMAX (Note 1) 
l c = 1mA 

500 

700 


300 

700 


225 

.500 




l c = lOOpA 

400 

550 


250 

550 


200 

400 




l c = lOpA 

300 

450 


200 

450 


150 

300 




l c = IpA 

200 

300 


150 

300 


100 

200 



Current Gain Match (h FE Match) 

V CB = 0V to VMAX 











100 [AI B ] [h FE(MIN) ] 

l c = lOpA to 1 mA 


0.5 

2 


0.5 

4 


1.0 

5 

% 


l c = IpA 


1.0 



1.0 



2.0 


% 

Emitter-Base Offset Voltage 

V C b = 0 

l c = IpA to 1 mA 


25 

50 


25 

150 


50 

200 

pV 

Change in Emitter-Base Offset 

(Note 1) * ' 


10 

25 


10 

50 


10 

100 

pV 

Voltage vs Collector-Base 

l c = IpA to 1 mA, 











Voltage (CMRR) 

V CB = 0V to VMAX 











Change in Emitter-Base Offset 

< 

o 

o 

<: 


5 

25 


5 

50 


5 

50 

pV 

Voltage vs Collector Current 

l c = IpA to 0.3 mA 











Emitter-Base Offset Voltage 

l c = lOpA to ,1 mA (Note 2) 











Temperature Drift 

lei = ic2 


0.08 

0.3 


0.08 

1.0 


0.2 

1.5 

pV/°C 


V os Trimmed to 0 at 25°C 


0.03 

0.1 


0.03 

0.3 


0,03 

0.5 

pV/°C 

Logging Conformity 

l c = 3 nA to 300pA, V CB =0, 
(Note 3) 


150 



150 



150 


pV 

Collector-Base Leakage 

Vq B = vmax 


0.05 

0.25 


0.05 

0.5 


0.05 

0.5 

nA 

Collector-Collector Leakage 

V C c = VMAX 


0.1 

2.0 


0.1 

5.0 


0.1 

5.6 

nA 

Input Voltage Noise 

l c = lOOpA, V CB = 0V, 
f= 100 Hz to 100 kHz 


1.8 



1.8 



1.8 


, nV/VHz 

Collector to Emitter Saturation 

l c = 1 mA, l B = lOpA 


0.2 



0.2 



0.2 


V 

Voltage 

! c = 1 mA, l B = lOOpA 


0.1 



0.1 



0.1 


V 


Note 1: Collector-base voltage is swept from 0 to V|y|/\x at a collector current of IpA, lOpA, lOOpA, and 1 mA. 

Note 2: Offset voltage drift with Vqs = 0 at T & = 25°C is valid only when the ratio of lei to Iq 2 is adjusted to give the initial zero offset. This 
ratio must be held to within 0.003% over the entire temperature range. Measurements taken at +25°C and temperature extremes. 

Note 3: Logging conformity is measured by computing the best fit to a true exponential and expressing the error as a base-emitter voltage 
deviation. 

Typical Applications (Continued) 

Fast, Accurate Logging Amplifier, V||\j = 10V to 0.1 mV or l||yj = 1 mA to 10 nA 

i— ? — tn I t-A/W-v ntF 



V 0 UT 
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LM194/LM394 





LM194/LM394 


Typical Applications (Continued) 

High Accuracy One Quadrant Multiplier/Divider 


R5 

50k 

1% 



VquT = ; positive inputs only. 


"Typical linearity 0.1% 


High Performance Instrumentation Amplifier 



G = 100 G = 10 

< 0.02 < 0.05 % 

>110 >90 dB 

>90 >70 dB 


>110 - > 110 
>90 >70 

50 50 

0.3 0.3 

<2 <10 

> 10 9 > 10 9 
>3x10 8 > 3 x 1 0 8 

12 70 

75 75 

1.5 1.5 

±11 ±10 

±13 ±13 


dB 

dB 

kHz 

v/ius 

MV/°C 

n 

n 

.n V . 

n/hz 

nA 

nA 

V 

V 
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Typical Performance Characteristics 


Small Signal Current Gain vs 
Collector Current 



0.001 0.01 0.1 1 10 
l c - COLLECTOR CURRENT (mA) 


DC Current Gain vs Temperature 



-75 -25 25 75 ; 125 175 

T, - JUNCTION TEMPERATURE ( C) 


Unity Gain Frequency (f t ) vs 
Collector Current 



0.001 0.01 0.1 1 10 


l c - COLLECTOR CURRENT (mA) 


Offset Voltage Drift vs Initial 
Offset Voltage 



-200 -100 0 100 200 
INITIAL OFFSET VOLTAGE (/jV) 


Base-Emitter On Voltage vs 
Collector Current 



0.001 0.01 0.1 1 10 
l c - COLLECTOR CURRENT (mA) 


Small Signal 
Input Resistance (hj e ) 
vs Collector Current 



0.001 0.01 0.1 1 10 
l c - COLLECTOR CURRENT (mA) 


Small Signal Output Conductance 
vs Collector Current 


Collector-Emitter Saturation Voltage 
vs Collector Current 



l c - COLLECTOR CURRENT (mA) 


l c - COLLECTOR CURRENT (mA) 


Input Voltage Noise vs 
Frequency 



0.01 0.1 1 10 100 
f- FREQUENCY (kHz) 


1 

< 


Base Current Noise vs Frequency 



0.01 0.1 1 10 100 
f - FREQUENCY (kHr) 


Noise Figure vs Collector Current 



0.001 0.01 0.1 1 
l c - COLLECTOR CURRENT (inA) 


Collector to Collector 
Capacitance vs Reverse 
Bias Voltage 



0 10 20 30 40 50 

COLLECTOR TO COLLECTOR VOLTAGE (V) 
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LM194/LM394 


Typical Performance Characteristics (Continued) 


Collector to Collector Capacitance 
vs Collector-Substrate Voltage 



0 10 20 30 40 50 

COLLECTOR TO SUBSTRATE VOLTAGE (V) 


Collector-Base Leakage vs 
Temperature 



50 75 100 125 

T, -JUNCTION Temperature \ C) 


Emitter-Base Log Conformity 


z -0. 

S -o. 


IX 

B = 0V- 

— 

— 

l 

— 

— 

— 

— 

L 

y 

__ 

- 

- 



y 

— 

— 


:z: 


— 

— 

: 

— 

— 


10“ 7 10 “ G 10~ 5 10 -* 10 - ; 
l c - COLLECTOR CURRENT (A) 


Connection Diagram 


Emitte'r-Base Capacitance vs 
Reverse Bias Voltage 


Collector-Base Capacitance vs 
Reverse Bias Voltage 



0.1 0.2 0.3 0.4 0.5 0.6 

REVERSE BIAS VOLTAGE (V) 


Collector to Collector Leakage 
vs Temperature 


0 ID 20 30 40 50 

REVERSE BIAS VOLTAGE (V CB ) 


Offset Voltage Long Term 
Stability at High Temperature 


= 

== 



= 

zn 

= 

/ 

m 







z_ 



























■ 








L 











— 





— 

— — 

7 



y 



rr©T~ 

- 





I 


= 

— 

X r 


1 








» i i i 1 


— 1 1 

T, = 125 
l c - 60, ;A 












































































25 50 75 100 125 

T. - JUNCTION TEMPERATURE ( C) 


200 400 600 800 1000 

TIME (HRS) 


Low Frequency Noise of Differential Pair* 


l 


— 

Sits 







.' - 

E 





r 

| V/'J 



Xf 


' 



• jsM 


TIME (SEE GRAPH) 

*Unit must be in still air environment so that 
differential lead temperature is held to less 
than 0.0003° C. 


Metal Can Package 



TOP VIEW 

Order Number LM194H, LM394H 
LM394BH or LM394CH 
See NS Package H06C 
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National 

Semiconductor 
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LM195/LM295/LM395 Ultra Reliable Power Transistors 


General Description 

The LM195/LM295/LM395 are fast, monolithic 
power transistors with complete overload protec- 
tion. These devices, which act as high gain power 
transistors, have included on the chip, current 
limiting, power limiting, and thermal overload 
protection making them virtually impossible to 
destroy from any type of overload. In the standard 
TO-3 transistor power package, the LM195 will 
deliver load currents in excess of 1.0A and can 
switch 40V in 500 ns. 

The inclusion of thermal limiting, a feature not 
easily available in discrete designs, provides virtually 
absolute protection against overload. Excessive 
power dissipation or inadequate heat sinking 
causes the thermal limiting circuitry to turn off 
the device preventing excessive heating. 

Features 

■ Internal thermal limiting 

■ Greater than 1.0A output current 

■ 3.0/liA typical base current 

■ 500 ns switching time 

■ 2.0V. saturation 

s Base can be driven up to 40V without damage 

■ Directly interfaces with CMOS or TTL 

■ 100% electrical burn-in 


The LM195 offers a significant increase in reliabil- 
ity as well as simplifying power circuitry. In some 
applications, where protection is unusually difficult, 
such as switching regulators, lamp or solenoid 
drivers where normal power dissipation is low, the 
LM195 is especially advantageous. 


The LM195 is easy to use and only a few pre- 
cautions need be observed. Excessive collector to 
emitter voltage can destroy the ■ LM1 95 as with 
any power transistor. When the device is used as 
an emitter follower with low source impedance, it 
is necessary to, insert a 5.0k resistor in series with 
the base lead to prevent possible emitter follower 
oscillations. Although the device is usually stable 
as an emitter follower, the resistor eliminates the 
possibility of trouble without degrading perform- 
ance. Finally, since it has good high frequency 
response, supply by passing is recommended. 

The LM195/LM295/LM395 are available in stand- 
ard TO-3 power packages and solid Kovar TO-5. 
The LM195 is rated for operation from -55°C to 
+ 1 50°C, the LM295 from ~25°C to +150°C and 
the LM395 from 0°C to +125°C. 


Simplified Circuit and Connection Diagrams 



TO-3 Metal Can Package 


TO-220 Power Package 



Order Number LM195K, 
LM295K or LM395K 
See NS Package K02A 


Order Number LM395T 
See NS Package T03B 


TO-5 Metal Can Package 



CASE IS EMITTER 
BOTTOM VIEW 

Order Number LM195H, 
LM295H or LM395H 
See NS Package H03B 


TO-202 Power Package 

EMITTER 


COLLECTOR 

EMITTER 

BASE 


FRONT VIEW 

Order Number LM395P 
See NS Package P03A 
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LM195/LM295/LM395 


Absolute Maximum Ratings 

Collector to Emitter Voltage 

LM195, LM295 v 

LM395 

Collector to Base Voltage 
LM 195, LM295 
LM395 

Base to Emitter Voltage (Forward) 

LM195, LM295 
LM395 

Base to Emitter Voltage (Reverse) 

Collector Current 

Power Dissipation 

Operating Temperature Range 
LM195 
LM295 
, LM395 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


Preconditioning 

100% Burn-In In Thermal Limit 


42V 

36V 

42V 

36V 

42V 

36V 

20V 

Internally Limited 
Internally Limited 

-55°C to +1 50° C 
-25°C to +1 50°C 
0°C to +125°C 
-65°C to +1 50°C 
300°C 


Electrical Characteristics (Note n 


PARAMETER . 

CONDITIONS 

LM195, LM295 j 

LM395 | 

UNITS 

MIN | 

TYP 

MAX 

MIN 

TYP 

MAX 

Collector-Emitter Operating Voltage 
(Note 3) 

Iq < lc < Imax 




42 

• 


36 

V 

Base to Emitter Breakdown Voltage 

o<v CE <V CEMAX 

42 




36 

60 


V 

Collector Current 










TO-3, TO-220 

V CE <15V 

1.2 


2.2 


1.0 

2.2 


A 

TO-5, TO-202 

V CE < 7.0V 

1.2 


1.8 


1.0 

1.8 


A 

Saturation Voltage 

l c <1.0A, T A = 25° C 



1.8 

2.0 


1.8 

2.2 

V 

Base Current 

0< lc < Imax 

0<v ce <v cemax 



3.0 

5.0 


3.0 

10 

PA 

Quiescent Current (Iq) 

v be = 0 

0<V ce <V CEM ax 



2.0 

5.0 


2.0 

10 

mA 

Base to Emitter Voltage 

l c = 1.0 A,T a = +25° C 



0.9 



0.9 


V 

Switching Time 

V CE = 36V, R L = 36S2, 
<T a = +25°C 



500 



500 


ns 

Thermal Resistance Junction to , 

TO-3 Package 



2.3 

3.0 


2.3 

3.0 

°C/W 

Case (Note 2). 

TO-5 Package 



12 

, 15 


12 

15 

°C/W 


Note 1: Unless otherwise specified, these specifications apply for -55°C < T; < +150°C for the LM195,-25°C < T; < +150°C 
for the LM295 and 0°C < + 125°C for the LM395. 

Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about +150°C/W, while that of the TO-3 package 
is +35°C/W. 

Note 3: Selected devices with higher breakdown available. 


\ 
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SATURATION VOLTAGE (V) QUIESCENT CURRENT (rnA) COLLECTOR CURRENT (A) 
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LM195/LM295/LM395 


Typical Performance Characteristics (Continued) 




T ransconductance 



0.01 0.1 1.0 10 
COLLECTOR CURRENT (A) 


Small Signal Frequency 
Response 



100k 1.0M 10M 

FREQUENCY (Hz) 


Schematic Diagram 


COLLECTOR 
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Typical Applications 


C4 



1.0 Amp Voltage Follower 



••NEEDED FOR STABILITY 


Power PNP Time Delay 



1.0 MHz Oscillator 


1 .0 Amp Lamp Flasher 




LM195/LM295/LM395 





6.0V Shunt Regulator with Crowbar 


Two Terminal 100 mA Current Regulator 



TURN ON ' 350 mV 
TURN OFF 200 mV 


Low Level Power Switch 




Emitter Follower High Input Impedance AC Emitter Follower 



‘PREVENTS STORAGE WITH FAST FALL 
TIME SQUARE WAVE DRIVE 


Fast Follower 







LM195/LM295/LM395 








National 

Semiconductor 


Transistor/ Diode Arrays 


LM3045, LM3046, LM3086 Transistor Arrays 


General Description 

The LM3045, LM3046, and LM3086 each consist 
of five general purpose silicon NPN transistors on 
a common monolithic substrate. Two of the tran- 
sistors are internally connected to form a differ- 
entially-connected pair. The transistors are well 
suited to a wide variety of applications in low 
power system in the DC through VHF range. They 
may be used as discrete transistors in conventional 
circuits however, in addition, they provide the 
very significant inherent integrated circuit advan- 
tages of close electrical and thermal matching. The 
LM3045 is supplied in a 14-lead cavity dual-in-line 
package rated for operation over the full military 
temperature range. The LM3046 and LM3086 are 
electrically identical to the LM3045 but are 
supplied in a 14-lead molded dual-in-line package 
for applications requiring only a limited temper- 
ature range. 


Features 

■ Two matched pairs of transistors 

V BE matched ±5 mV 

Input offset current 2/iA max at l c = 1 mA 

■ Five general purpose monolithic transistors 

■ Operation from DC to 120 MHz 

■ Wide operating current range 

■ Low noise figure 3.2 dB typ at 1 kHz 

■ Full military 

temperature range (LM3045) ~55°C to +125°C 

Applications 

■ General use in all types of signal processing 
systems -operating anywhere in the frequency 
range from DC to VHF 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 


Schematic and Connection Diagram 

Dual-1 n-Line Package 



Order Number LM3045J 
See NS Package J14A 
Order Number LM3046N 
or LM3086N 
See NS Package N14A 
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LM3045, LM3046, LM3086 


Absolute Maximum Ratings it a = 25°o 



LM3045 

LM3046/LM3086 



Each Total 

Each 

Total 

Units 


Transistor Package 

Transistor 

Package 

Power Dissipation: 





T a = 25° C 

300 750 

300 

750 

mW 

T a = 25°C to 55° C 


300 

750 

mW 

T a > 55° C 


Derate at 6.67 

mW/°C 

T a = 25° C to 75°C 

300 750 



mW 

T a > 75° C 

Derate at 8 



mW/°C 

Collector to Emitter Voltage, V CEO 

15 

15 


V 

Collector to Base Voltage, V CBO 

20 

20 


V 

Collector to Substrate Voltage, V clo (Note 1) 

20 

20 


V 

Emitter to Base Voltage, V EBO 

5 

5 


V 

Collector Current, l c 

50 

50 


mA 

Operating Temperature Range 

— 55°C to +125°C 

-40° C to +85° C 


Storage Temperature Range 

-65°C to +150°C 

-€5°C to +85° C 


Lead Temperature (Soldering, 10 sec) 

300 

300 


°C 


Electrical Characteristics (T a = 25°C unless otherwise specified) 




LIMITS 

LIMITS 


PARAMETER 

CONDITIONS 

LM3045, LM3046 

LM3086 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Collector to Base Breakdown Voltage (V( BR ) C bo) 

l c = IOjuA, l E = 0 

20 

60 


20 

60 


V 

Collector to Emitter Breakdown Voltage (V (BR!CEO ) 

1 c = 1 m A, ig = 0 

15 

24 


15 

24 


V 

Collector to Substrate Breakdown Voltage 
( V <BR)CIO> 

lc = 10/iA, Iqj = 0 

20 

60 


20 

60 


V 

Emitter to Base Breakdown Voltage (V< BR ) EBO ) 

l E = 10pA,.l c = 0 

5 

7 


5 

7 


V 

Collector Cutoff Current (l CBO ) 

v CB = 10V, l E = 0 


.002 

40 


.002 

100 

nA 

Collector Cutoff Current (l CEO ) 

v CE = 10V, l B = 0 



.5 



5 

ma 




100 



100 



Static Forward Current Transfer Ratio (Static 


40 


40 



Beta) (h FE ) 

Vqe “ 3V ! lc ~ 1 mA 
| tc = 10)UA 

100 

54 


100 

54 



Input Offset Current for Matched Pair Q, and Q 2 
llot ~ • >02 1 

V CE = 3V, l c =lmA 


.3 

2 




ma 


I |e = 1 mA 


.715 



.715 



Base to Emitter Voltage (V BE ) 

CE \ l E = 10 mA 


.800 



.800 


V 

Magnitude of Input Offset Voltage for 

V C e = 3V, l c = 1 mA 


.45 

5 




mV 

Differential Pair IV BE1 - V BE2 I 







Magnitude of Input Offset Voltage for Isolated 
Transistors IV BE 3 — V BE 4 l, IV BE 4 ~ V BE 5 1, 
IVbeb-Vbes' 

V CE = 3V > 'c = 1 mA 


.45 

5 




mV 

Temperature Coefficient of Base to Emitter 









vo„. 3 , (^») 

V CE = 3V > lc = 1 mA 


-1.9 



-1.9 


mV/°C 

Collector to Emitter Saturation Voltage (V CE(SAT )) 

Temperature Coefficient of Input Offset 

l B = 1 mA, l c = 10 mA 


.23 



.23 


V 

Voltage (~^) 

V ce = 3V, l c =1mA 

i 

1.1 





MV/°C 


Note 1: The collector of each transistor of the LM3045, LM3046, and LM3086 is isolated from the substrate by an integral 
diode. The substrate (terminal 13) must be connected to the most negative point in the external circuit to maintain isolation 
between transistors and to provide for normal transistor-action. 
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Electrical Characteristics 

(Continued) 


V 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Low Frequency Noise Figure (NF) 

f = 1 kHz, V CE - 3V, l c = lOOjuA 
R s = 1 k n 


3.25 


dB 

Low Frequency, Small Signal Equivalent Circuit Characteristics: 





Forward Current Transfer Ratio (hf e ) 



110 (LM3045, LM3046) 






(LM3086) 



Short Circuit Input Impedance (h l0 ) 

f = 1 kHz, V CE = 3 V, l c = 1 mA j 


3.5 


kQ ■ 

Open Circuit Output Impedance (h oe ) 


15.6 


jUmho 

■ Open Circuit Reverse Voltage Transfer Ratio (h re ) 



1.8x10“ 4 



Admittance Characteristics: 

■ 





Forward Transfer Admittance (Y fe ) 



31 -j 1.5 



Input Admittance (Y ie ) 

f = 1 MHz, V CE = 3V, l c = 1 mA 


0.3+j 0.04 



Output Admittance (Y oe ) 


0.001 +j 0.03 



Reverse Transfer Admittance (Y re ) 



See curve 



Gain Bandwidth Product (f T ) 

V ce = 3V, l c = 3mA ■ 

300 

550 



Emitter to Base Capacitance (C EB ) 

V eb = 3V, l E = 0 


.6 


pF 

Collector to Base Capacitance (C CB ) 

V CB = 3V, l c = 0 


.58 


pF 

Collector to Substrate Capacitance (C C |) 

V cs = 3V. I c - 0 


2.8 


pF 


Typical Performance Characteristics 


Typical Collector To Base 
Cutoff Current vs Ambient 
Temperature for Each 
Transistor 



0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Typical Collector To Emitter 
Curoff Current vs Ambient 
Temperature for Each 
Transistor 


10 3 
10 2 
10 
1 

10 1 
10 2 
10 3 

0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE < C) 



Typical Static Forward 
Current-Transfer Ratio and 
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Typical Performance Characteristics (Continued) 


Typical Base To Emitter 
Voltage Characteristic for 
Each Transistor vs Ambient 
Temperature 
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Typical Input Offset Voltage 
Characteristics for Differential 
Pair and Paired isolated 
Transistors vs Ambient 
Temperature 
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Typical Forward Transfer 
cc Admittance vs Frequency 
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SUSCEPTANCE (mnihos) 


Typical Performance Characteristics (Continued) 


Typical Reverse Transfer 
Admittance vs Frequency 
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LM3146 



National 

Semiconductor 


Transistor/ Diode Arrays 


LM3146 High Voltage Transistor Array 


General Description 

The LM3146 consists of five high voltage general pur- 
pose silicon NPN transistors on a common monolithic 
substrate. Two of the transistors are internally con- 
nected to form a differentially-connected pair. The 
transistors are well suited to a wide variety of appli- 
cations in low power system in the dc through VHF 
range. They may be used as discrete transistors in 
conventional circuits however, in addition, they pro- 
vide the very significant inherent integrated circuit 
advantages of close electrical and thermal matching. 
The LM3146 is supplied in a 14-lead molded dual-in- 
line package for applications requiring only a limited 
temperature range. 


Features 

■ High voltage matched pairs of transistors, Vgg 
matched ±5 mV, input offset current 2juA max at 
l c = 1 mA 

■ Five general purpose' monolithic transistors 

■ Operation from dc to 120 MHz 

■ Wide operating current range 

■ Low noise figure 3.2 dB typ at 1 kHz 

Applications 

■ General use in all types of signal processing systems 
operating anywhere in the frequency range from dc to 
VHF 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 


Connection Diagram 


Dual-ln-Line Package 


SUBSTRATE 
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Absolute Maximum Ratings 



LM3146 

UNITS 

Power Dissipation: Each Transistor 

T a = 25°C to 55°C 

300 

mW 

T a > 55°C 

Derate at 6.67 

mW/°C 

Power Dissipation: Total Package 

T a = 25° C 

500 

mW 

T a > 25°C 

Derate at 6.67 

mW/°C 

Collector to Emitter Voltage, V CEO 

30 

V 

Collector to Base Voltage, V CBO 

40 

V 

Collector to Substrate Voltage, V C | Q (Note 1 ) 

40 

V 

Emitter to Base Voltage, V EBO (Note 2) 

5 

V 

Collector Current, l c 

50 

mA 

Operating Temperature Range 

-40 to +85 

°C 

Storage Temperature Range 

—65 to +150 

°c 

Lead Temperature (Soldering, 10 seconds) 

300 

°c 


DC Electrical Characteristics t a = 2s°c 





LIMITS 



PARAMETER 

CONDITIONS 




UNITS 



MIN 

TYP 

MAX 


Collector to Base Breakdown 

Voltage (V( BR ) CBO ) 

I c = 10mA, l E =0 

40 

72 


V 

Collector to Emitter Breakdown 
Voltage (V( BR ) CEO ) 

1 c = 1 mA, 1 B = 0 

30 

56 


V 

Collector to Substrate Breakdown 

lei = 10^ A, l B = 0, 

40 

72 


V 

Voltage (V( BR ) Cto ) 

l E =0 





Emitter to Base Breakdown Voltage 
(V(br)ebo) (Note 2) 

l c = 0, i E = 10/iA 

5 

7 


V 

Collector Cutoff Current Ocbo) 

v CB = iov, i E = o 


0.002 

100 

nA 

Collector Cutoff Current (l CEO ) 

V CE = 10V, l B =0 


(Note 3) 

5 

/uA 

Static Forward Current Transfer 

l c = 10 mA, V CE = 5V 


85 



Ratio (Static Beta) (h FE ) 

l c = 1 mA, V CE = 5V 

30 

100 




l c = 10 /jA, V CE * 5V 


90 



Input Offset Current for Matched 

1 Cl = Ic2 ~ 1 m A, 


0.3 

2 

HA 

Pair Q1 and Q2 li B1 - l B2 l 

Vce = 5V 





Base to Emitter Voltage (V BE ) 

l c = 1 mA, V CE = 3V 

0.63 

0.73 

0.83 

V 

Magnitude of Input Offset Voltage 
for Differential Pair |V BE1 - V BE2 I 

V C e = 5V, l E = 1 mA 


0.48 

5 

mV 

Temperature Coefficient of Base 
to Emitter Voltage (AV BE /AT) 

V CE = 5V, l E = 1 mA 


-1.9 


mV/°C 

Collector to Emitter Saturation 

Voltage (V CE(SAT )) 

l c = 10 mA, l B = 1 mA 

! 


0.33 


V 

Temperature Coefficient of Input 
Offset Voltage (AV 10 /AT) 

I c = 1 mA, V CE = 5V 


„ 


pV/°C 


Note 1: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor action. To avoid undesired 
coupling between transistors, the substrate terminal should be maintained at either dc or signal (ac) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 

Note 2: If the transistors are forced into zener breakdown (V(br)EBO)» degradation of forward transfer current ratio (hp{r) can occur. 

Note 3: See curve. 
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LM3146 


AC Electrical Characteristics 





Note 1: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor actjon. To avoid undesired 
coupling between transistors, the substrate terminal should be maintained at either dc or signal (ac) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 

Note 2: If the transistors are forced into zener breakdown (V(br)EBO^ degradation of forward transfer current ratio (hpE^ can occur. 

Note 3: See curve. 
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Typical Performance Characteristics (Continued) 
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I. RELIABILITY vs. QUALITY 

The words “reliability” and “quality” are often used 
interchangeably, as though they connoted identical 
facets of a product’s merit. But reliability and quality are 
different, and 1C users must understand the essential 
difference between the two concepts in order to properly 
evaluate which of National’s extended screening 
programs, A+ or B+ will offer the most cost effective 
product improvement for his application. 


QUALITY 

The concept of QUALITY gives us information about the 
population of faulty 1C devices among good devices, 
and generally relates to the number of faulty devices 
that arrive at a user’s plant. Looked at in another way, 
quality then relates to the number of faulty IC’s that 
escape detection at the 1C vendor’s plant. 

At National, it is the charter of the Quality Control (QC) 
Operation to continually monitor and reduce the number 
of faulty IC’s that escape detection. QC does this by 
testing the outgoing parts on an Acceptance Quality 
Level (AQL) basis. 1 The tighter the AQL testing, the 
more difficult it becomes for a defective part to escape 
detection, thus the quality of the shipped product 
increases. 


RELIABILITY 

The concept of RELIABILITY, on the other hand, refers 
to how well a part that is initially good will withstand its 
environment. Reliability cannot be tested into a device. 
Reliability is principally a function of device design, die 
size, power dissipation, assembly methods and material, 
etc. Still there are tests and procedures that an 1C 
vendor can implement which will subject the 1C to stress 
in excess of what it will endure in actual use, which will 
eliminate marginal, short-life parts. 

On this basis, it is easily seen that it is possible that 
high quality IC’s may, in fact, have low reliability, while 
low quality IC’s may have high reliability. The object of 
extended screening programs is: (1) to enhance the 
quality by reducing the population of faulty devices 
among good devices and by so doing, eliminate the 
costly requirement of incoming tests by the user, and 
(2) provide maximum long term reliability minimizing 
equipment down-time, costly repairs and maintenance. 


II. QUALITY SAVES YOU MONEY 

When an 1C vendor specifies 100% final testing of his 
parts then, in theory, every shipped part should be a 
good part. However, in any population of mass- 
produced items there does exist a small percentage of 
defective parts. 

One of the best ways to reduce the number of such 
faulty parts is, simply, to retest the parts prior to 
shipment. Thus, if there is a one percent chance that a 
bad part will escape detection initially, retesting the 
parts reduces that probability to only 0.01 percent. This 
is exactly what tightening of the outgoing AQL level 
achieves. 


WHAT IS AQL? 

A good example of savings which can be achieved by 
taking advantage of tighter AQL (1) inspection levels is 
illustrated as follows: 

Assume a system uses 100 devices of a certain type 
which are procurred to a 1% AQL level, and no 
incoming inspection/testing is done by the user. 
Statistically it can be shown that the number of 
systems that will require rework will be 80% of all 
systems manufactured! If enough devices are 
purchased to manufacture 100 systems (10,000 
devices) and the cost to trouble shoot and repair each 
system is $30.00, the total cost of repair will be 
$2,400 (80% of 100 systems at $30.00 each). 

Thus, the need for some preliminary component 
screening prior to system assembly becomes obvious. 

However, if the same devices are procurred to a 0.14% 
AQL level, which is seven times tighter than originally 
assumed, it can be shown that the number of systems 
requiring rework is reduced by a factor of four, without 
the need for incoming inspection. 

Thus, on a 100 system basis, 20 systems will require 
repair at $30.00 per system, or a total of $600.00. A 
savings of $1 ,800 is realized, and the user need not 
invest in expensive capital equipment, procedures, and 
paper work. 

On a “savings per device” basis, this is a savings of 18 c 
per device. Indeed, Quality saves you money! 

This is th£ value added by the A+ and B+ Linear 
programs. 


III. RELIABILITY SAVES YOU MONEY 

With the increased population of integrated circuits in 
modern electronics systems has come an increased 
concern with 1C failures. And rightly so, for at least two 
major reasons. First, the effect of component reliability 
on system reliability can be quite dramatic. For 
example, suppose that you, as a system manufacturer, 
were to choose an 1C that is 99% reliable. You would 
find that if your system used only 70 such IC’s the 
overall reliablility of the system’s 1C portion would be 
only 50%. 

In other words, one out of every two systems in the field 
would fail. The result? A system that is very costly to 
produce, costly to maintain, and probably very difficult to 
sell. 

Second, whether the system is large or small you 
cannot afford unnecessary maintenance costs. Not only 
have labor, repair and rework costs risen - and 
promise to continue to rise - but also, field replacement 
may be prohibitively expensive or impossible. Jf you ship 
a system that contains a marginally performing 1C, and 
that 1C later fails in the field, the cost of repair and 
replacement may be literally hundreds of times more 
than the cost of the failed 1C itself. 

(1) AQL testing is not to be confused with “in process" or electrical 
parameter testing in the normal product flow. All National prod- 
ucts are 100% tested for electrical data sheet parameters. 
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IV. IMPROVING THE RELIABILITY OF SHIPPED 
PARTS 

As was previously mentioned, reliability, in the true > 
sense cannot be tested into a product. The most 
important factors that affect reliability are design, 
construction, materials and the assembly method. 
However, many of these can be examined and 
monitored by testing. As a matter of routine, National 
frequently performs 1000 hour burn-in life test and 
accelerated life tests to continually guarantee the quality 
and reliability of the linear product which is being 
shipped to customers. For example, the quality of the 
die attach for voltage regulators can be monitored by 
observing the thermal characteristics associated with 
“pulse loading” the regulator. This is a technique which 
National Linear pioneered over 10 years ago and still 
performs on a 100% basis on three terminal regulators 
at no additional cost to the user. Many such tests, 
including destructive and non-destructive wire bond pull 
tests are a matter of routine with National. 

Further, in any test of reliability, the weaker parts will fail 
first. Stress tests will accelerate, or shorten the time of 
failure of the weak parts. Because the stress test 
causes weak parts to fail prior to shipment, the 
population of shipped parts will in fact demonstrate a 
higher reliability. 

One of, if not the most effective screening procedures in 
the Semiconductor industry, is the use of a burn-in to 
stress and accelerate the failure of weak, parts. 

Thus, burn-in screen plus the tightened AQL outgoing 
testing, is the key to the A+ Linear Program. 


QUALITY AND RELIABILITY PROGRAMS FOR 
MOLDED LINEAR PRODUCTS 

One concern, with regard to quality and reliability in 
molded plastic products, is the problem of thermal 
intermittents. This problem first came to light in 1970 
and plagued all semiconductor manufacturers. Since . 
that time considerable efforts have been focused on 
improving lead bonding and lead frames to make them 
stronger and more reliable as well as improvements in 
the package molding material itself. 

To better understand the problems a brief discussion of 
thermal intermittents is in order. 

Because wires and bonds are completely imbedded in 
plastic, molded integrated circuits'are extremely 
rugged devices. They can survive mechanical shock 
and vibration conditions which would literally tear the 
bonds and wires to pieces in a cavity type package. 
However, the non-cavity construction does present a 
unique problem. Sould a bond fracture or a wire 
break for some reason, the broken bond will remain in 
contact as long as the surrounding encapsulant 
continues to exert a compressive force on the bond. 
However, as the temperature increases, the 
compressive forces tend to relax due to the thermal 
mismatches between the lead frame, die, wires and 
the plastic. 

Ultimately, if a high enough temperature is reached, 
the broken bond will separate, causing an electrical 
discontinuity. The phenomenon is frequently 


reversible, that is, as temperature decreases, 
electrical continuity is restored. This type of 
discontinuity is commonly referred to as a THERMAL 
INTERMITTENT OPEN. If electrical continuity does 
not return when the package temperature returns to 
ambient, then a permanent open has occurred. 

If such defects occur during the manufacturing cycle 
of the device, and are not screened out by the 
manufacturer’s testing sequence or by some 
screening test imposed by the user, they will show up 
as infant mortality failures in the user’s equipment. If 
they occur during the user’s equipment manufacturing 
cycle (due to solder heat exposure, for example) they 
will also show up as infant mortality failure. 

The best way to screen for this phenomenon is to 
perform temperature cycling and “Hot Rail” testing after 
the device has been manufactured. The temperature 
cycling will stress the package mechanically to force the 
intermittent to occur if such a failure exists. The “Hot 
Rail” testing is performed to determine the functionality 
of the device at 100°C to ensure there are no open 
bonds at the worst case condition. 


NATIONAL’S B+ LINEAR PROGRAM GETS 
IT ALL TOGETHER 

We have stated that the B+ program improves both the 
quality and reliability of National’s molded integrated 
circuits, and pointed out the difference between those 
two concepts. Now, how do we bring them together? 

The answer is in the B+ program processing, which is a 
continuum of stress and double testing. With the 
exception of the final QC inspection, which is a 
tightened sample program, all steps of the B+ process 
are performed on 100% of the parts. The following flow 
chart shows how we do it, step by step. 

EPOXY B PROCESSING FOR ALL MOLDED 
PARTS - 

At National, all molded semiconductors, 
including IC’s have been built by this process 
for some time. All processing steps, 
inspections and QC monitoring are designed to 
provide highly reliable products. (Reliability 
reports are available that give, in detail, the 
background of Epoxy B, the reason for its 
selection at National and reliability data that 
proves its success.) 

SIX HOUR, 150°C BAKE - 

This stress places the die bond and all wire 
bonds into a combined tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

FIVE TEMPERATURE CYCLES 
(0°Cto100°C) 

Exercising the circuits over a 100°C 
temperature range further stresses the bonds 
and eliminates marginal bonds missed during 
the bake. 

ELECTRICAL TESTING 

These room-temperature functional and 
parametric tests are the normal final tests 
through which all National products pass. 
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HIGH TEMPERATURE (100°C) FUNCTIONAL 
ELECTRICAL TEST - 

A high temperature test such as this with 
voltages applied places the die under the most 
severe stress possible. The test is actually 
performed at 100°C - 30°C higher than the 
commercial ambient limit. All devices are 
thoroughly exercised at the 100°C ambient. 
(Even though Epoxy B processing has virtually 
eliminated thermal intermittents, we perform 
this test to ensure against even the; remote 
possibility of such a problem.) 

100% DC FUNCTIONAL AND 
PARAMETRIC TESTS - 

This is the second time that room-temperature 
functional and parametric tests are performed 
to National data sheet electrical limits. 

TIGHTER-THAN-NORMAL QC INSPECTION 
PLANS - 

Most vendors sample inspect outgoing parts to 
a 0.65% (or in some cases a 1%) AQL. When 
you specify the B+ program, however, not only 
do we sample your parts to a 0.28% AQL for 
all data sheet dc parameters, but they receive 
a 0.14% AQL for functionality as well. 
(Functional failures - not parameter shifts - 
cause most system failures.) Thus, the five to 
seven-times tightening of the AQL procedure 
gives a substantially higher quality to your B+ 
parts. And you can rely on the integrity of your 
received IC’s without incoming tests at your 
facility. 

SHIP PARTS 


Here are the QC Procedures used in our B-f test 
program: ( 


TEST 

TEMPERATURE 

AQL 

Electrical Functionality 

25°C 

0.14% 

Parametric, dc 

25°C 

0.28% 

Major Mechanical 

25°C 

0.25% 

Minor Mechanical 

25°C 

1% 


NATIONAL’S A+ LINEAR PROGRAM - 
THE ULTIMATE IN QUALITY AND 
RELIABILITY 

National has combined the successful B+ program with 
the Military/Aerospace processing specifications and 
provides the A+ program as the best cost-effective 
approach to maximum quality and reliability on molded 
devices. The following flow chart shows how we do it 
step by step. The major difference between B + and the 
A + is the burn-in associated with the A+ program. 



SEM - 

Randomly selected wafers are taken from 
production regularly and subjected to SEM 
analysis. 

EPOXY B SEAL - 

At National, all molded semiconductors, 
including IC’s have been built by this process 
for some time. All processing steps, 
inspections and QC monitoring are designed to 
provide highly reliable products. 



SIX HOUR, 150°C BAKE - 

This stress places the die bond and all wire 
bonds into a combined tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

FIVE TEMPERATURE CYCLES 
(0°C to 100°C) - 

Exercising the circuits over 100°C temperature 
range further stresses the bonds and . 
eliminates any marginal bonds missed during 
the bake. 

ELECTRICAL TESTING - 

These room-temperature functional and 
parametric tests are the normal final tests 
through which all National products pass. 

BURN-IN TEST - 

Devices are stressed at maximum operating 
conditions to eliminate marginal devices. Test 
is performed per MIL-STD-883A, Method 
1015.1. 

HIGH TEMPERATURE, (100°C) FUNCTIONAL 
ELECTRICAL TEST - 

A high temperature test with voltages applied 
places the die under the most severe stress 
possible. The test is actually performed at 
100°C - 30°C higher than the commercial - 
ambient limit. All devices are thoroughly 
exercised at the 100°C ambient. 

100% DC FUNCTIONAL AND 
PARAMETRIC TESTS - 

This is the second time that room-temperature 
functional and parametric tests are performed 
to National data sheet electrical limits. 

TIGHTER-THAN-NORMAL QC 
INSPECTION PLANS - 

Most vendors sample inspect outgoing parts to 
a 0.65% (or in some cases a 1 %) AQL. When 
you specify the A+ program, however, not only 
do we sample your parts to a 0.28% AQL for 
all data sheet dc parameters, but they receive 
0.14% AQL for functionality as well. (Functional 
failures - not parameter shifts beyond spec - 
cause most system failures.) Thus, the five- to 
seven-times tightening of the sampling AQL' 
procedure gives a substantially higher quality 
to your A+ parts. And you can rely on the 
integrity of your received IC’s without incoming 
tests at your facility. 

SHIP PARTS 


Here is the QC procedure used in our A+ test program: 


TEST 

TEMPERATURE 

AQL 

Electrical Functionality 

’ ' 25°C 

0.14% 

Parametric, dc 

25°C 

0.28% 

Major Mechanical 

25°C 

0.25% 

Minor Mechanical 

25°C 

1% 


QUALITY AND RELIABILITY PROGRAM FOR 
HERMETIC PACKAGED LINEAR PRODUCT 

An improved quality and reliability program, similar to 
that which is available for molded products, is also 
available for commercial temperature range hermetic 
packages. 
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There is one major difference between the molded A+ 
program and the hermetic package A+ program. Since 
there is no material in contact with the wire bonds in a 
hermetic package, the need for “Hot Rail” functional 
testing at 100°C is of no benefit and therefore not 
included. The devices are electrically tested (100%), 
then burned-in and then 100% electrically tested again. 

If a bond failure were to occur during burn-in, there is 
no material in contact with the bond (such as plastic in 
the case of molded products) that would tend to restore 
the bond when the device cooled. The result is that a 
weak bonding wire, once broken causing an “open” will 
remain open and be caught at the second 1 00% 
electrical screening. 

The A+ hermetic package program flow chart is shown 
below. 

NATIONAL’S A+ PROGRAM FLOW CHART 
FOR HERMETIC PACKAGES 

National has extended the successful B+ and A+ 
molded product programs to hermetic packages. We 
believe this to be the best practical approach to 
maximum quality and reliability for commercial devices. 
The following flow chart explains this program step by 
step. 

SEM - 

Randomly selected wafers are taken from 
production regularly and subjected to SEM 
analysis. 

ASSEMBLY AND SEAL - 

All processing steps, inspections, and QC 
monitoring are designed to provide highly, 
reliable products. MIL-STD-883 is the guideline 
by which all linear products are manufactured. 

SIX HOUR, 150°C BAKE - 

This stress places the die bond and all wire 
bonds into a combined tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

FIVE TEMPERATURE CYCLES 
(0°C to 100°C) - 

Exercising the circuits over 100°C temperature 
range further stresses the bonds and 
eliminates any marginal bonds missed during 
the bake. 




ELECTRICAL TESTING - 

Every device will be 100% tested at 25°C for 
functional and dc parameters. 

BURN-IN - 

Devices are stressed at maximum operating 
conditions to eliminate marginal devices. Test 
is performed per MIL-STD-883A method 
1015.1. 

DC FUNCTIONAL AND 
PARAMETRIC TESTS - 

These room temperature functional and 
parametric tests are the normal, final tests 
through which all National products pass. This 
is the second time 100% electrical testing is 
performed. 

TIGHTER-THAN-NORMAL QC 
INSPECTION PLANS - 

Most vendors sample inspect outgoing parts to 
a 0.65% (or in some cases a 1%) AQL. When 
you specify the A+ program, however, not only 
do we sample your parts to a 0.28% AQL for 
all data sheet dc parameters, but they receive 
0.14% AQL for functionality as well. (Functional 
failures - not parameter shifts beyond spec - 
cause most system failures.) Thus, the five- to 
seven-times tightening of the sampling 
procedure gives the highest quality to your A+ 
parts. And you can rely on the integrity of your 
received IC’s without incoming tests at your 
facility. 

SHIP PARTS 


Here are. the QC Sampling plans used in 
our A+ test programr 


TEST 

TEMPERATURE 

AQL 

Electrical Functionality 

25°C 

0.14% 

Parametric, dc 

25°C 

0.28% 

Major Mechanical 

25°C 

0.25% 

Minor Mechanical 

25°C 

1% 


PROCESS FLOW 

MOLDED 

N PACKAGE 

HERMETIC 

H AND J 
PACKAGE 

DESCRIPTION 

A+ 

B+ 

A+ 

100% High Temperature Storage - 6 Hours @ 150°C 

X 

X 

X 

100% Temperature Cycling, 5 Cycles - 0° to 100°C 

X 

X 

X 

100% Burn-in per MIL-STD-883A, Method 1015.1 

X 


X 

100% High Temperature Test for Functionality at 100% 

X 

X 


100% DC Functional parametric Tests at Room Temperature 

X 

X 

X 

Tightened QC Inspection Plan 

X 

X 

X 

Q.C. SAMPLE PLAN 

TEST TEMPERATURE AQL 


Electrical Functionality 

25°C 

0.14% 

Parametric, dc 

25°C 

0.28% 

Major Mechanical 

25°C 

0.25% 

Minor Mechanical 

25°C 

1% 
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A synopsis of the A+ and B+ programs is shown on 
the preceding page. Also shown below is a listing of 
some of the most popular devices which are processed 
to this program and are readily available. 

For more information about this, or other National Linear 
programs, please contact your local representative. 


LF13331 

LM1458 

LM307 

LM324 

LM3900 

LM723C 

LF13741 

LM1496 

LM308 

LM3301 

LM393 

LM725C 

LF347 

LM2900 

LM3080 

LM3302 

LM4250C 

LM733 

LF351 

LM2901 

LM310 

LM339 

LM555C 

LM741C 

LF353 

LM2902 

LM311 

LM3401 

LM556 

LM747C 

LF355 

LM2903 

LM318 

LM346 

LM566 

LM748C 

LF356 

LM2904 

LM319 

LM348 

LM567 


LF357 

LM301A 


LM358 

LM709C 



LM360 

LM361 


SUMMARY 

The B+ program, although offering improved Reliability 
attendent with additional stress testing, is primarily 
aimed at enhancing the quality of incoming devices and 
thus eliminating the need for incoming testing by the 
user. This program offers significant cost savings to the 
user and eliminates the need for the investment in 
expensive capital equipment to perform this testing. For 
all general, but relatively non-critical circuits, the B+ 
program is the most cost-effective. 


The A+ program incorporates not only the quality 
inherent with B+ program, but also adds burn-in for the 
ultimate in Reliability testing. The A+ program is 
recommended as the most cost-effective program for 
components which the user deems to be the most 
critical in his system. 

Both programs, A+ and B+, incorporate high 
temperature stress, double testing, and very tight 
out-going AQL QC proceedures. 

ORDER INFORMATION 

Any of the devices listed molded or hermetic package, 
may be ordered to the A+ program simply by adding 
the term A+ behind the device number, with a slash (/) 
in between. 

Examples: 

LM348N/A+ 

LF356H/A+ 

LM1458J/A+ 

Likewise, any molded (N package) product may be 
ordered to the B+ program by adding the term B+ 
behind the device number. 

Examples: 

LF351N/B+ 

LM741 CN/B+ 

For devices not listed, contact your local National , 
Semiconductor Sales office for information on 
availability and ordering information. 
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National A + and B + Extended Quality and Reliability Programs for Linear Circuits 




MIL-STD-883/MIL-M-38510 



National 

Semiconductor 


Ml L-STD-883 

Mil-Standard-883 is a Test Methods and Procedures 
Document for Microelectronic Circuits. It was 
derived from MIL-S-19500, MJL-STD-750, and 
MIL-STD-202C for transistors and diodes at about 
the time that National Semiconductor Corporation 
was entering the military microelectronics market. 
As a result, our standard quality control operations 
are written around Ml L-STD-883. The bonding 
control, visual inspections, and post seal screening 
requirements set forth by 883 (as well as added 
control procedures beyond the requirements of 
883) have been part of National's quality control 
procedures almost from the start. Our , Quality 
Assurance Procedures Manual is available upon 
request. 

We offer a complete line of linear/883 (Class B) 
products as standard, off-the-shelf items. Special 
Linear/883 data sheets have been prepared to 
reflect this capability. They show process flow, 
electrical parameters, end of test criteria, and test 
circuits. We save you the problem of specifying test 
and inspection procedures, and offer significant 
cost savings by having an off-the-shelf, "to the 
letter" 883 program. In addition, we will test any 
of our integrated circuits to any class of MIL- 
STD-883. 

MIL-M-38510 

MIL-M-38510 specifies the general requirements 
for supplying microcircuits. These are; product 
assurance, which includes screening and quality 
conformance inspection; design and construction; 
marking; and workmanship. The screening and 
quality conformance inspection are conducted in 
accordance with Ml L-STD-883. 

Screening 

All microcircuits delivered in accordance with MIL- 
M-38510 must have been subjected to, and passed 
all the screening tests detailed in Method 5004 of 
Ml L-STD-883 for the type of microcircuit and 
product assurance level. 


The device electrical and package requirements of 
MIL-M-38510 are detailed by a device specification 
referred to as a slash sheet. Each slash sheet defines 
the microcircuit electrical performance and mech- 
anical requirements. Each device listed on a slash 
sheet is referred to as a slash number and the group 
of the microcircuits contained on a slash sheet is 
defined as a family of devices. The device may be 
Class B or C as defined by Ml L-STD-883, Method 
5004 and 5005. Three lead finishes are allowed 
by the slash sheet, pot solder dip, bright tin plate, 
and gold plate. 

The MIL-M-38510 specs for standard linear devices 
require 100% DC testing at 25°C, -55°C and 
+ 125°C. AC testing is performed at +25°C. The 
electrical parameters specified are tighter than the 
normal data sheet guaranteed limits. Additionally, 
MIL-M-38510 requires device traceability, exten- 
sive documentation and closely matched mainten- 
ance. 


Quality Conformance 

Quality conformance inspection is conducted in 
accordance with the applicable requirements of 
Group A, (electrical test), Group B and C, (environ- 
mental test) of Method 5005, Ml L-STD-883. These 
tests are conducted on a sample basis with GroupA 
performed on each sublot, Group B on each lot, 
and Group C as specified (usually every three 
months). 

To supply devices to MIL-M-38510, the 1C manu- 
facturer must qualify the devices he plans to supply 
to the detail specifications. Qualification consists 
of notifying the qualifying activity of one's intent 
to qualify to MIL-M-38510. After passing compre- 
hensive audits of facilities and documentation 
systems, the 1C manufacturer will subject the 
device to and demonstrate that they satisfy all of 
the Group A, B, and C requirements of Method 
5005 of Ml L-STD-883 for the specified classes and 
types of 1C. The qualification tests shall be moni- 
tored by the qualifying agency. Finally the 1C 
manufacturer shall prepare and submit qualifica- 
tion test data to the qualifying agency. Groups A, 
B, and C inspections then shall be performed at 
intervals no greater than three months. 

The purpose of qualification testing is to assure 
that the device and lot quality conform to certain 
standard limits. In effect, lot qualification tests 
tend to ensure that once a particular device type 
is demonstrated to be acceptable,, it's production, 
including materials, processing, and testing will 
continue to be acceptable. These limits are speci- 
fied in Ml L-STD-883 in terms of LTPD's (Lot 
Tolerance Percent Defective) for the various quali- 
fication test sub-groups. Qualification testing is 
performed on a sample of devices which are chosen 
at random from a lot of devices that has satisfac- 
torily completed the screening of Method 5004 
must be performed on each device, i.e. on a 100% 
basis as opposed to qualification testing (Method 
5005) which occurs on a random sample basis. 

In summary, the entire purpose of MIL-M-38510 
and Ml L-STD-883 is to provide the military, 
through its contractors with standard devices. 

We at National Semiconductor have supplied and 
are supplying devices to the MIL-M-38510 specifi- 
cations. To order a MIL-M-38510 microcircuit, 
specify the following: 

For example; to specify an LM741 in a DIP 
processed to the requirements of MIL-M-38510, 
Class B, with gold plated leads, specify M-38510/ 


10101BCC. 






MM38510/ 

XXX 

XX 

X 

X 

X 

1 

Specifies the 
General Require- 
ments of 
MIL-M-38510 

~r 

Slash 

Sheet 

No. 

~T~ 

Device 

Type 

1 

Device 

Class 

Case 

Outline 

Lead 

Finish 


/ 
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National 



National 

Device No. 

Function 

Direct 

Device No. 

Function 

Direct 



Replacement 



Replacement 

FAIRCHILD 



FAIRCHILD (Continued) 


fjAIOIAFM 

General Purpose Op Amp 

LM101AF 

^A748HC 

Op Amp 

LM748CH 

m A101AHM 

General Purpose Op Amp 

LM101AH 

/.A748HM 

Op Amp 

LM748H 

,(A102HM 

Voltage Follower 

LM102H 

MA748TC 

Op Amp 

LM748CN 

^A104HM 

Negative Voltage Regulator 

LM104H 

/t A760HC 

High Speed Differential Comparator 

LM760CH 

m A105HM 

Voltage Regulator 

LM105H 

;/A796HC 

3-Terminal Positive Voltage Regulator 

LM1496H 

/iA107HM 

General Purpose Op Amp 

LM107H 

/<A796PC 

3-Terminal Positive Voltage Regulator 

LM1496M 

^A108AHM 

Super Beta Op Amp 

LM108AH 

,.A798HM 

Dual Op Amp 

LM358H 

/iA108HM 

Super Beta Op Amp 

LM108H 

/.A1558HM 

Dual Internally Compensated Op Amp 

LM1558H 

/xAIIOHM 

Voltage Comparator 

LM110H 

M2901PC 

Dual Internally Compensated Op Amp 

LM2901N 

/iAIIIHM 

Voltage Comparator 

LM111H 

/jA3046DC 

Transistor Array 

LM3046N 

/iAIlIRM 

Voltage Comparator 

LM111J-8 

/<A 3064 PC 

TV Automatic Fine-Tuning Circuit 

LM3064N 

/(A201 AHM 

General Purpose Op Amp 

LM201AH 

^A3075PC 

FM IF Limiter/Detector/Audio Preamplifier 

LM3075N 

/iA201AT 

General Purpose Op Amp 

LM201AN 

,<A3086PC 

Transistor Array 

LM3086N 

/tA207HM 

General Purpose Op Amp 

LM207H 

M3301P 

Quad Single Supply Amplifier 

LM3301 N 

/iA208AHM 

Super Beta Op Amp 

LM208AH 

M3302P 

Quad Comparator 

LM3302N 

/tA208HM 

Super Beta Op Amp 

LM208H 

M3401P 

Quad Single Supply Amplifier 

LM3401N 

/tA301 AHC 

General Purpose Op Amp 

LM301AH 

/iAF1 1 1HM 

Voltage Comparator 

LF111H 

^A301 ATC 

General Purpose Op Amp 

LM301AN 

/iAF155AHM 

Monolithic JFET Input Op Amp 

LF155AH 

^A302HC 

Voltage Follower 

LM302H 

/xAF155HM 

Monolithic JFET Input Op Amp 

LF155H 

/iA304HC 

Negative Voltage Regulator 

LM304H 

/tAF156AHM 

Wideband Mono. JFET Input Op Amp 

LF156AH 

M305AHC 

Voltage Regulator 

LM305AH 

/xAF156HM 

Wideband Mono. JFET Input Op Amp 

LF156H 

ftA305HC 

Voltage Regulator 

LM305H 

mAF157AHM 

Wideband Mono. JFET Input Op Amp 

LF157AH 

^A307HC 

General Purpose Op Amp 

LM307H 

#tAF157HM 

Wideband Mono. JFET Input Op Amp 

LF157H 

fiA307TC 

General Purpose Op Amp 

LM307N 

/tAF211HM 

Voltage Comparator 

LF211H 

fiA308AHC 

Super Beta Op Amp 

LM308AH 

/xAF311HC 

Voltage Comparator 

LF311H 

jtA308HC 

Super Beta Op Amp 

LM308H 

MAF355AHC 

Monolithic JFET Input Op Amp 

LF355AH 

/iA309KC 

5 Volt Regulator 

LM309KC 

, //AF355HC 

Monolithic JFET Input Op Amp 

LF355H 

M A310HC 

Voltage Follower 

LM310H 

J4AF356AHC 

Wideband Mono JFET Input Op Amp 

LF356AH 

/xA311HC / 

Voltage Comparator 

LM311H 

MAF356HC 

Wideband Mono JFET Input Op Amp 

LF356H 

MA311R 

. Voltage Comparator 

LM311J-8 

^AF357AHC 

Wideband Mono JFET Input Op Amp 

LF357AH 

/tA31 1TC 

Voltage Comparator 

LM311N 

/xAF357HC 

Wideband Mono JFET Input Op Amp 

LF357H 

^A324PC 

Quad Op Amp 

LM324N 

MOTOROLA 



/iA339APC 

Quad Comparator 

LM339AN 



/iA339PC 

Quad Comparator 

LM339N 

LF155AH 

Monolithic JFET Op Amp 

LF155AH 

/iA376TC 

Voltage Regulator 

LM376N 

LF155H 

Monolithic JFET Op Amp 

LF155H 

/iA555HC 

Single Timing Circuit 

LM555CH 

LF156AH 

Monolithic JFET Op Amp 

LF156AH 

^A555HM 

Single Timing Circuit 

LM555H 

LF156H 

Monolithic JFET Op Amp 

LF156H 

m A555TC 

Single Timing Circuit 

LM555CN 

LF157AH 

Monolithic JFET Op Amp 

LF157AH 

/xA556PC 

Dual Timing Circuit 

LM556CN 

LF157H 

Monolithic JFET Op Amp 

LF157H 

/(A709AHM 

High Performance Op Amp 

LM709AH 

LF355AH 

Monolithic JFET Op Amp 

LF355AH 

^A709HC 

High Performance Op Amp 

LM709CH 

LF355H 

Monolithic JFET Op Amp 

LF355H 

MA709HM 

High Performance Op Amp 

LM709H 

LF355N 

Monolithic JFET Op Amp 

LF355N 

/iA709PC 

High Performance Op Amp 

LM709CN 

LF356AH 

Monolithic JFET Op Amp 

LF356AH 

//A709TC 

High Performance Op Amp 

LM709CN-8 

LF356H 

Monolithic JFET Op Amp 

LF353H 

It A710FM 

High Speed Differential Comparator 

LM710F 

LF356N 

Monolithic JFET Op Amp 

LF355N 

fiA710HC 

High Speed Differential Comparator 

LM710CH 

LM117H 

3-Terminal Adj. Positive Regulator 

LM117H 

nA710HM 

High Speed Differential Comparator 

LM710H 

LM117K 

3-Terminal Adj. Positive Regulator 

LM117K 

M710PC 

High Speed Differential Comparator 

LM710CN 

LM123K 

Positive Voltage Regulator 

LM123K 

/iA71 1HC 

Dual Comparator 

LM711CH 

LM317H 

3-Terminal Adj. Positive Regulator 

LM317H 

/xA711HM 

Dual Comparator 

LM711H 

LM317K 

3-Terminal Adj. Positive Regulator 

LM317K 

/tA71 1PC 

Dual Comparator 

LM711CN 

LM317T 

3-Terminal Adj. Positive Regulator 

LM317T 

/xA723DC 

Precision Voltage Regulator 

LM723CJ 

MC1303P 

Dual Stereo Preamplifier 

LM1303N 

/iA723DM 

Precision Voltage Regulator 

LM723J 

MC1310P 

FM Stereo Demodulator 

LM1310N 

/iA723HC 

Precision Voltage Regulator 

LM723CH 

MC1408L6 

8-Bit Multiplying D/A Converter 

LM1408J-6 

^A723HM 

Precision Voltage Regulator 

LM723H 

MC1408L7 

8-Bit Multiplying D/A Converter 

LM 1408J-7 

/<A723PC 

Precision Voltage Regulator 

LM723CN 

MC1408L8 

8-Bit Multiplying D/A Converter 

LM1408J-8 

m A725AHM 

Instrumentation Op Amp 

LM725AH 

MC1408P6 

8-Bit Multiplying D/A Converter 

LM1408N-6 

fiA725HC 

Instrumentation Op Amp 

LM725CH 

MC1408P7 

8-Bit Multiplying D/A Converter 

LM1408N-7 

/iA725HM 

Instrumentation Op Amp 

LM725H 

MC1408P8 

8-Bit Multiplying D/A Converter 

LM1408N-8 

fiA733HC 

Differential Video 

LM733CH 

MC1414L 

Dual Differential Comparator 

LM1414J 

^A733HM 

Differential Video 

LM733H 

MC1414P 

Dual Differential Comparator 

LM1414N 

m A741AFM 

Frequency Compensated Op Amp 

LM741AF 

MC1496G 

Balanced Modulator-Demodulator 

LM1496H 

;i A741AHM 

Frequency Compensated Op Amp 

LM741AH 

MC1496P 

Balanced Modulator-Demodulator 

LM1496N 

M741DC 

Frequency Compensated Op Amp 

LM741CJ-14 

MC1508L8 

8-Bit Multiplying D/A Converter 

LM1508D-8 

/xA741EHC 

Frequency Compensated Op Amp 

LM741EH 

MC1514L 

Dual Differential Comparator 

LM1514J 

/iA741HC 

Frequency Compensated Op Amp 

LM741CH 

MC1596G 

Blanced Modulator-Demodulator 

LM1596H 

M A741HM 

Frequency Compensated Op Amp 

LM741H 

MC1710AG . 

Differential Comparator 

LM710AH 

/iA741PC 

Frequency Compensated Op Amp 

LM741CN-14 

MC1710CG 

Differential Comparator 

LM710CH 

/tA741RC 

Frequency Compensated Op Amp 

LM741CJ 

MC1710CP 

Differential Comparator 

LM710CN 

/iA741TC 

Frequency Compensated Op Amp 

LM741CN 

MC1710G 

Differential Comparator 

LM710H 

/iA746PC 

Chroma Demodulator 

LM746N 

MC1711CG 

Dual Differential Comparator ' 

LM711CH 

m A747AHM 

Dual Frequency Compensated Op Amp 

LM747AH 

MC1711CP 

Dual Differential Comparator 

LM711CN 

,iA747EHC 

Dual Frequency Compensated Op Amp 

LM747EH 

MC1711G 

Dual Differential Comparator 

LM711H 

^A747HC 

Dual Frequency Compensated Op Amp 

LM747CH 

MC1723CL 

Adj. Positive or Negative Volt. Regulator 

LM723CJ 

M747HM 

Dual Frequency Compensated Op Amp 

LM747H 

MC1723CP 

Adj. Positive or Negative Volt. Regulator 

LM723CN 

/iA747PC 

Dual Frequency Compensated Op Amp 

LM747CN 

MC1723L 

Adj. Positive or Negative Volt. Regulator 

LM723J 
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Linear Cross Reference Guide 


Device No. 

Function 

National 

Direct 

Replacement 

Device No. 

Function 

National 

Direct 

Replacement 

MOTOROLA (Continued) 

MC1733CG Differential Video Amp 

LM733CH 

MOTOROLA (Continued) 

MLM304G Adjustable Negative Voltage Regulator 

LM304H 

MC1733CP 

Differential Video Amp 

LM733CN 

MLM305G 

Adjustable Positive Voltage Regulator 

LM305H 

MC1733G 

Differential Video Amp 

LM733H 

MLM307G 

General Purpose Op Amp 

LM307H 

MC1741CG 

General Purpose Op Amp 

LM741CH 

MLM307PI 

General Purpose Op Amp 

LM307N 

MC1741CL 

General Purpose Op Amp 

LM74.1CJ-14 

MLM307U 

General Purpose Op Amp 

LM307J 

MC1741CP1 

General Purpose Op Amp 

LM741CN 

MLM308AG 

Precision Op Amp 

LM308AH 

MC1741CP2 

Generla Purpose Op Amp 

LM741CN-14 

MLM308AL 

Precision Op Amp 

LM308AJ 

MC1741G 

General Purpose Op Amp 

LM741H 

MLM308API 

Precision Op Amp 

LM308AN 

MC1741L 

General Purpose Op Amp 

LM741J-14 

MLM308AU 

Precision Op Amp 

LM308AJ-8 

MC1741U 

General Purpose Op Amp 

LM741J 

MLM308G 

Precision Op Amp 

LM308H 

MC1747CG 

Dual MC1741 Op Amp 

LM747CH 

' MLM308L 

Precision Op Amp 

LM308J 

MC1747CL 

Dual MC1741 Op Amp 

LM747CJ 

' MLM308PI 

Precision Op Amp 

LM308N 

MC1747CP2 

Dual MC1741 Op Amp 

LM747CN 

MLM308U 

Precision Op Amp 

LM308J-8 

MC1747G 

Dual MC1741 Op Amp 

LM747H 

MLM309G 

Positive Voltage Regulator 

LM309H 

MC1747L 

Dual MC1741 Op Amp 

LM747J 

MLM309K 

Positive Voltage Regulator 

LM309K 

MC1748CG 

General Purpose Op Amp 

LM748CH 

MLM310G 

Unity Gain Op Amp 

LM310H 

MC1748CP1 

General Purpose Op Amp 

LM748CN 

MLM310PI 

Unity Gain Op Amp 

LM310N 

MC1748CU 

General Purpose Op Amp 

LM748CJ 

MLM310U 

Unity Gain Op Amp 

LM310J-8 

MC1748G 

General Purpose Op Amp 

LM748H 

MLM311G 

Voltage Comparator 

LM311H 

MC1748U 

General Purpose Op Amp 

LM748J 

MLM311L 

Voltage Comparator 

LM311J 

MC2901P 

Quad Comparator 

LM2901 N 

MLM311PI 

Voltage Comparator 

LM311N 

MC2902P 

Quad Op Amp 

LM2902N 

MLM311U 

Voltage Comparator 

LM311J-8 

MC3301P 

Quad Op Amp 

LM3301N 

MLM324L 

Quad Op Amp 

LM324J 

MC3302P 

Quad Comparator 

LM3302N 

MLM324P 

Quad Op Amp 

LM324N 

MC3401P 

Quad Op Amp 

LM3401N 

MLM339AL 

Quad Comparator 

LM339AJ 

MC78XXCK 

Positive Voltage Regulator 

LM78XXCK 

MLM339AP 

Quad Comparator 

LM339AN 

MC78XXCT 

Positive Voltage Regulator 

LM78XXCT 

MLM339L 

Quad Comparator 

LM339J 

MC78LXXACG 

Positive Voltage Regulator 

LM78LXXACH 

MLM339P 

Quad Comparator 

LM339N 

MC78LXXACP 

Positive Voltage Regulator 

LM78LXXACZ 

MLM358G 

Dual Op Amp 

LM358H 

MC78LXXCG 

Positive Voltage Regulator 

LM78LXXCH 

MLM358PI 

Dual Op Amp 

LM358N 

MC78LXXCP 

Positive Voltage Regulator 

LM78LXXCZ 

MLM565CP 

Phase Locked Loop 

LM565CN 

MC79XXCK 

MC79XXCT 

MC79LXXACP 

Negative Voltage Regulator 

Negative Voltage Regulator 

Negative Voltage Regulator 

LM79XXCK 

LM79XXCT 

LM79LXXACZ 

PMI 

PM108AJ 

Operational Amplifier 

LM108AH 

MC79LXXCP 

Negative Voltage Regulator 

LM79LXXCZ 

PM108J 

Operational Amplifier 

LM108H 

MLM101AG 

Geri. Purpose Adj. Op Amp 

'LM101AH 

PM155AJ 

JFET Input Op Amp 

LF155AH 

MLM101AU 

Gen. Purpose Adj. Op Amp 

LM101AJ 

PM155J 

JFET Input Op Amp 

LF155H 

MLM104G 

Adjustable Negative Volt. Regulator 

LM104H 

PM156AJ 

JFET Input Op Amp 

LF156AH 

MLM105G 

Adjustable Positive Volt. Regulator 

LM105H 

PM156J 

JFET Input Op Amp 

LF156H 

MLM107G 

General Purpose Op Amp 

LM107H 

PM157AJ 

JFET Input Op Amp 

LF157AH 

MLM107U 

General Purpose Op Amp 

LM107J 

PM157J 

JFET Input Op Amp 

LF157H 

MLM108AG 

Precision Op Amp 

LM108AH 

PM208AJ 

Operational Amplifier 

LM208AH 

MLM108AU 

Precision Op Amp 

LM108AJ 

PM208J 

Operational Amplifier 

LM208H 

MLM109G 

Positive Voltage Regulator 

LM109H 

PM255J 

JFET Input Op Amp 

LF255H 

MLM110G 

Unity Gam Op Amp 

LM110H 

PM256J 

JFET Input Op Amp 

LF256H 

MLM110U 

Unity Gain Op Amp 

LM110J-8 

PM257J 

JFET Input Op Amp 

LF257H 

MLMl 1 1G 

Voltage Comparator 

LM111H 

' PM308AJ 

Operational Amplifier 

LM308AH 

MLM111L 

Voltage Comparator 

LM111J 

PM308J 

Operational Amplifier 

LM308H 

MLM111U 

Voltage Comparator 

LM111J-8 

PM355AJ 

JFET Input Op Amp 

LF355AH 

MLM124L 

Quad Op Amp 

LM124J 

PM355J 

JFET Input Op Amp 

LF355H 

MLM124P 

Quad Op Amp 

LM124N 

PM356AJ 

JFET Input Op Amp 

LF356AH 

MLM139AL 

Quad Comparator 

LM139AJ 

PM 356 J 

JFET Input Op Amp 

LF356H 

MLM139L 

Quad Comparator 

LM139J 

PM357AJ 

JFET Input Op Amp 

LF357AH 

MLM158G 

Dual Op Amp 

LM158H 

PM357J 

JFET input Op Amp 

LF357H 

MLM201AG 

General Purpose Op Amp 

LM201AH 

PM725CJ 

Operational Amplifier 

LM725CH 

MLM201API 

General Purpose Op Amp 

•LM201AN 

PM725J 

Operational Amplifier 

LM725H 

MLM204G 

Adjustable Negative Voltage Regulator 

LM204H 

PM741CJ 

Compensated Op Amp 

LM741CH 

MLM205G 

Adjustable Positive Voltage Regulator 

LM205H 

PM741J 

Compensated Op Amp 

LM741H 

MLM207G 

General Purpose Op Amp 

LM207H 

PM747CJ 

Dual Compensated Op Amp 

LM747CH 

MLM207U 

General Purpose Op Amp 

LM207J 

PM747J 

Dual Compensated Op Amp 

LM747H 

MLM208AG 

Precision Op Amp 

LM208AH 

PM1558J 

Dual Compensated Op Amp 

LM1558H 

MLM208AL 

MLM208AU 

Precision Op Amp 

Precision Op Amp 

LM208AJ 

LM208AJ-8 

SIGNETICS 



MLM208G 

Precision Op Amp 

LM208H 

4A709AT 

Operational Amplifier 

LM709AH 

MLM208L 

Precision Op Amp 

LM208J 

^A709CN 

Operational Amplifier 

LM709CN-8 

MLM208U 

Precision Op Amp 

LM208J-8 

^A709CN-14 

Operational Amplifier 

LM709CN 

MLM209G 

Positive Voltage Regulator 

LM209H 

(xA709CT 

Operational Amplifier- 

LM709CH , 

MLM211G 

Voltage Comparator 

LM211H 

/xA709T 

Operational Amplifier 

LM709H 

MLM211L 

Voltage Comparator 

LM211J 

MA710CN-14 

Differential Voltage Comparator 

LM710CN 

MLM211U 

Voltage Comparator 

LM211J-8 

^A710CT 

Differential Voltage Comparator 

LM710CH 

MLM224L 

Quad Op Amp 

LM224J 

^A710T 

Differential Voltage Comparator 

LM710H 

MLM239AL 

Quad Comparator 

LM239AJ 

/iA71 1CN 

Dual Voltage Comparator 

LM711CN 

MLM239L 

Quad Comparator 

LM239J 

M A711CT 

Dual Voltage Comparator 

LM711CH - 

MLM258G 

Dual Op Amp 

LM258H 

*iA7 1 1 K 

Dual Voltage Comparator 

LM711H 

MLM301AG 

General Purpose Op Amp 

LM301AH 

M A723CF 

Precision Voltage Regulator 

LM723CJ 

MLM301API 

General Purpose Op Amp 

LM301AN 

m A723CL 

Precision Voltage Regulator 

LM723CH 
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Device No. 

Function 

National 

Direct 

Replacement 

Device No. 

Function 

National 

Direct 

Replacement 

SIGNETICS (Continued) 


SIGNETICS (Continued) 


/iA723CN 

Precision Voltage Regulator 

LN723CN 

LM224AN 

Gen Purpose Single Supply Op Amp 

LM224AN 

M723F 

Precision Voltage Regulator 

LM723J 

LM224F 

Gen Purpose Single Supply Op Amp 

LM224J 

nA723L 

Precision Voltage Regulator 

LM723H 

LM239AF 

Quad Voltage Comparator 

LM239AJ 

/iA733CN 

Differential Video Amp 

LM733CN 

LM239F 

Quad Voltage Comparator 

LM239J 

^A733CT 

Differential Video Amp 

LM733CH 

LM258T 

Gen Purpose Single Supply Op Amp 

LM258H 

/tA733F 

Differential Video Amp 

LM733H 

LM293T 

Low Power Dual Voltage Comparator 

LM293H 

/xA741CF 

General Purpose Op Amp 

LM741CJ-14 

LM301AF 

High Performance Amplifier 

LM301AJ-14 

/iA741CN 

General Purpose Op Amp 

LM741CN 

LM301AN 

High Performance Amplifier 

LM301AN 

/iA741CN-14 

General Purpose Op Amp 

LM741CN-14 

LM301AT 

High Performance Amplifier 

LM301H 

M741CT 

General Purpose Op Amp 

LM741CH 

LM307F 

General Purpose Op Amp 

LM307J-14 

^A741F 

General Purpose Op Amp 

LM741J-14 

LM307N 

General Purpose Op Amp 

LM307N 

/xA741T 

General Purpose Op Amp 

LM741H 

LM307T 

General Purpose Op Amp 

LM307H 

*tA747CN 

Dual Op Amp 

LM747CN 

LM308AF 

Precision Op Amp 

LM308AJ 

. /iA748CF 

General Purpose Op Amp 

LM748CJ 

LM308AN 

Precision Op Amp 

LM308AN 

m A748CN 

General Purpose Op Amp 

LM748CN 

LM308AT 

Precision Op Amp 

LM308AH 

/*A748CT 

General Purpose Op Amp 

LM748CH 

LM308F 

Precision Op Amp 

LM308J 

/xA748F 

General Purpose Op Amp 

LM748J-14 

LM308N 

Precision Op Amp 

LM308N 

/xA748T 

( General Purpose Op Amp 

LM748H 

LM308T 

Precision Op Amp 

LM308H 

78XXCU 

3-Terminal Positive Voltage Regulator 

LM78XXCT 

LM309DA 

5 Volt Regulator 

LM309K 

78XXDA 

3-Terminal Positive Voltage Regulator 

LM78XXCK 

LM309DB 

5 Volt Regulator 

LM309H 

78LXXACS 

3-Terminal Positive Voltage Regulator 

LM78XXACZ 

LM311F 

Voltage Comparator 

LM31U 

78LXXADB 

3-Terminal Positive Votlage Regulator 

LM78LXXACH 

LM311N 

Voltage Comparator 

LM311N 

78LXXCDB 

3-Terminal Positive Voltage Regulator 

LM78LXXCH 

LM311N-14 

Voltage Comparator 

LM311N-14 

78LXXCS 

3-Terminal Positive Votlage Regulator 

LM78LXXCZ 

LM311T 

Voltage Comparator 

LM311H 

79XXCU 

3-Terminal Negative Voltage Regulator 

LM79XXCT 

LM319F 

Dual Voltage Comparator 

LM319J 

79XXDA 

3-Terminal Negative Voltage Regulator 

LM79XXCK 

LM319K 

Dual Voltage Comparator 

LM319H 

LF155AT 

Hi Performance JFET Input Op Amp 

LF155AH 

LM319N 

Dual Voltage Comparator 

LM319N 

LF155T 

Hi Performance JFET Input Op Amp 

LF155H 

LM324AF 

Gen Purpose Single Supply Op Amp 

LM324AJ 

LF156AT 

Hi Performance JFET Input Op Amp 

LF156AH 

LM324AN 

Gen Purpose Single Supply Op Amp 

LM324AN 

LF156T 

Hi Performance JFET Input Op Amp 

LF156H 

LM324F 

Gen Purpose Single Supply Op Amp 

LM324J 

LF157AT 

Hi Performance JFET Input Op Amp 

LF157AH 

LM324N 

Gen Purpose Single Supply Op Amp 

LM324N 

LF157T 

Hi Performance JFET Input Op Amp 

LF157H 

LM339AF 

Quad Voltage Comparator 

LM339AJ 

LF255T 

Hi Performance JFET Input Op Amp 

LF255H 

LM339AN 

Quad Voltage Comparator 

LM339AN 

LF256T 

Hi Performance JFET Input Op Amp 

LF256H 

LM339F 

Quad Voltage Comparator 

LM339J 

LF257T 

Hi Performance JFET Input Op Amp 

LF257H 

LM339N 

Quad Voltage Comparator 

LM339N 

LF355AT 

Hi Performance JFET Input Op Amp 

LF355AH 

LM340XXDA 

3-Terminal Positive Voltage Regulator 

LM340KXX 

LF355T 

Hi Performance JFET Input Op Amp 

LF355H 

LM340XXLL 

3-Terminal Positive Voltage Regulator 

LM340TXX 

LF356AT 

Hi Performance JFET Input Op Amp 

LF356AH 

LM381AN 

Dual Low Noise Preamplifier 

LM381AN 

LF356T 

Hi Performance JFET Input Op Amp 

LF356H 

LM381N 

Dual Low Noise Preamplifier 

LM381N 

LF357AT 

Hi Performance JFET Input Op Amp 

LF357AH 

LM382N 

Dual Low Noise Preamplifier 

LM382N 

LF357T 

Hi Performance JFET Input Op Amp 

LF357H 

LM387N 

Dual Low Noise Preamplifier 

LM387N 

LM101AF 

High Performance Amplifier 

LM101AJ-14 

LM393AN 

Low Power Dual Voltage Comparator 

LM393AN 

LM101AT 

High Performance Amplifier 

LM101AH 

LM393AT 

Low Power Dual Voltage Comparator 

LM393AH 

LM107F 

General Purpose Op Amp 

LM107J-14 

LM393N 

Low Power Dual Voltage Comparator 

LM393N 

LM107T 

General Purpose Op Amp 

LM107H 

LM393T 

Low Power Dual Voltage Comparator 

LM393H 

LM108AF 

Precision Op Amp 

LM108AJ 

LM2901F 

Quad Voltage Comparator 

LM2901J 

LM108AT 

Precision Op Amp 

LM108AH 

LM2901N 

Quad Voltage Comparator 

LM2901N 

LM108F 

Precision Op Amp 

LM108J 

LM2903N 

Low Power Dual Voltage Comparator 

LM2903N 

LM108T 

Precision Op Amp 

LM108H 

MC1408-7F 

8-Bit Multiplying D/A Converter 

LM1407J-7 

LM109DB 

5 Volt Regulator 

LM109H 

MC1408-8F 

8-Bit Multiplying D/A Converter 

LM1408J-8 

LM111F 

Voltage Comparator V 

LM111J 

MC1408-7N 

8-Bit Multiplying D/A Converter 

LM1408N-7 

LM111T 

Voltage Comparator 

LM111H 

MC1408-8N 

8-Bit Multiplying D/A Converter 

LM1408N-8 

LM119F 

Dual Voltage Comparator 

LM119J 

MC1496K 

Balanced Modulator Demodulator 

LM1496H 

LM119K 

Dual Voltage Comparator 

LM119H 

MC1496N 

Balanced Modulator Demodulator 

LM1496N 

LM124AF 

Gen Purpose Single Supply Op Amp 

LM124AJ 

MC1596K 

Balanced Modulator Demodulator 

LM1596H 

LM124F 

Gen Purpose Single Supply Op Amp 

LM124J 

MC3302N 

Quad Voltage Comparator 

LM3302N 

LM124N 

Gen Purpose Single Supply Op Amp 

LM124N 

NE555T 

Timer 

LM555CH 

LM139AF 

Quad Voltage Comparator 

LM139AJ 

NE555N 

Timer 

LM555CN 

LM139F 

Quad Voltage Comparator 

LM139J 

NE556N 

Dual Timer 

LM556CN 

LM193AT 

Low Power Dual Voltage Comparator 

LM193AH 

NE556F 

Dual Timer 

LM556J' 

LM193T 

Low Power Dual Voltage Comparator 

LM193H 

NE565K 

Phase Locked Loop 

LM565CH 

LM201AF 

High Performance Amplifier 

LM201AJ-14 

NE565N 

Phase Locked Loop 

LM565CN 

LM201AN 

High Performance Amplifier 

LM201AN 

NE566N 

Function Generator 

LM566CN 

LM201AT 

High Performance Amplifier 

LM201H 

NE567T 

Tone Decoder/Phase Locked Loop 

LM567CH 

LM207F 

General Purpose Op Amp 

LM207J-14 

NE567N 

Tone Decoder/Phase Locked Loop 

LM567CN 

LM207T 

General Purpose Op Amp 

LM207H 

SE555T 

Timer 

LM555H 

LM208AF 

General Purpose Op Amp 

LM208AJ 

SE565K 

Phase Locked Loop 

LM565H 

LM208AT 

Precision Operational Amp 

LM208AH 

SE567T 

Tone Decoder/Phase Locked Loop 

LM567H 

LM208F 

Precision Operational Amp 

LM208J 

TBA120N 

FM IF Amp & Demodulator 

TBA120T 

LM208T 

Precision Operational Amp 

LM208H 

TBA120S-2 

8-Stage Amp w/Balanced Demodulator 

TBA120S II 

LM209DB 

5 Volt Regulator 

LM209H 

TBA120S-3 

8-Stage Amp w/Balanced Demodulator 

TBA120S III 

LM211F 

Voltage Comparator 

LM211J 

TBA120S-4 

8-Stage Amp w/Balanced Demodulator 

TBA120S IV 

LM211T 

Voltage Comparator 

LM211H 

TBA120S-5 

8-Stage Amp w/Balanced Demodulator 

TBA120S V 

LM219F 

Dual Voltage Comparator 

LM219J 

TBA120SN 

8-Stage w/Balanced Demodulator 

TBA120SQ 

LM219K 

Dual Voltage Comparator 

LM219H 

TBA120S-2N 

8-Stage w/Balanced Demodulator 

TBA120SQ II 

LM224AF 

Gen Purpose Single Supply Op Amp 

LM224AJ 

TBA120S-3N 

8-Stage w/Balanced Demodulator 

TBA120SQ III 
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Device No. 

Function 

National 

Direct 

Replacement 

Device No. 

Function 

National 

Direct 

Replacement 

SIGNETICS (Continued) 


TEXAS INSTRUMENTS (Continued) 


TBA120S-4N 

8-Stage w/Balanced Demodulator 

TBA120SQ IV 

LM117LA 

3-Terminal Adjustable Regulator 

LM117H 

TBA120S-5N 

8-Stage w/Balanced Demodulator 

TBA120SQ V 

LM118JG 

High Slew Rate Op Amp 

LM118J 

TBA120U 

FM IF Amp & Demodulator 

TBA120U 

LM118L 

High Slew Rate Op Amp 

LM118H 

TBA120UN 

FM IF Amp & Demodulator 

TBA120UQ 

LM 1 24 J 

Quad Op Amp 

LM124J 




LM124N 

Quad Op Amp 

LM1S24N 

TEXAS INSTRUMENTS 


LM139J 

Quad Comparator 

LM139J 

/tA70AML 

Op Amp 

LM709AH 

LM158L 

Dual Op Amp 

CLM158H * 

^A709CL 

Op Amp 

LM709CH 

LM193L 

Dual Comparator 

LM193H 

/tA709CN 

Op Amp 

LM709CN 

LM201AJ 

Improved Op Amp 

LM201 AJ-14 

MA709CP 

Op Amp 

LM709CN-8 

LM201AJG 

Improved Op Amp 

LM201AJ 

/xA709ML 

Op Amp 

LM709H 

LM201AL 

Improved Op Amp 

LM201AH 

^A710ML . 

Comparator x 

LM710H 

LM201AN 

Improved Op Amp 

LM201AN 

(iA71 1CL 

Dual Comparator 

LM711CH 

LM204L 

Negative Voltage Regulator 

LM204H 

#iA71lCN 

Dual Comparator 

LM711CN 

LM205L 

Positive Voltage Regulator 

LM205H 

pA711ML 

Dual Comparator 

LM711H 

LM206L 

Voltage Comparator 

LM206H 

nA723CJ 

Voltage Regulator 

LM723CJ 

LM207J 

Compensated Op Amp 

LM207J-14 

/iA723CL 

Voltage Regulator 

LM723CH 

LM207JG 

Compensated Op Amp 

LM207J 

#xA723CN 

Voltage Regulator 

LM723CN 

LM207L 

Compensated-Op Amp 

LM207H 

/tA723MJ 

Voltage Regulator 

LM723J 

LM209LA 

5V Regulator 

LM209H 

**A723ML 

Voltage Regulator 

LM723H 

LM217H 

3-Terminal Adjustable Regulator 

LM217LA 

/xA733CL 

Video Amp 

LM733CH 

LM217KA 

3-Terminal Adjustable Regulator 

LM217K 

/xA733CN 

Video Amp 

LM733CN 

LM218JG , 

High Slew Rate Op Amp 

LM218J-8 

M733ML 

Video Amp 

LM733H 

LM218L 

High Slew Rate Op Amp 

LM218H 

/iA74lCJ 

Compensated Op Amp 

LM741CJ-14 

LM224J 

Quad Op Amp 

LM224J 

/iA741CJ 

Compensated Op Amp 

LM741CN-14 

LM239J 

Quad Comparator 

LM239J 

/iA74lCJG 

Compensated Op Amp, 

LM741CJ 

LM258L 

Dual Op Amp 

LM258H 

MA741CL 

Compensated Op Amp 

LM741CH 

LM293L 

Dual Comparator 

LM293H 

/zA741CP 

Compensated Op Amp 

LM741CN 

LM301AJ 

Improved Op Amp 

LM301AJ-14 

/iA741MJ 

Compensated Op Amp 

LM741J-14 

LM301AJG 

Improved Op Amp 

LM301AJ 

M741MJG 

Compensated Op Amp 

LM741J 

LM301AL 

Improved Op Amp 

LM301AH 

/iA741ML 

Compensated Op Amp 

LM741H 

LM301AN 

Improved Op Amp 

LM301AN 

^A748CJG 

Op Amp 

LM748CJ 

LM304L 

Negative Voltage Regulator 

LM304H 

;tA748CL 

Op Amp 

IM748CH 

LM305AL 

Positive Voltage Regulator 

LM305AH 

/tA748CN 

Op Amp 

LM748CN 

LM305L 

Positive Voltage Regulator 

LM305H 

/tA748MJ 

Op Amp 

LM748J-14 

LM306L 

Voltage Comparator 

LM306H , ' 

jtA748MJG 

Op Amp 

LM748J 

LM307J 

Compensated Op Amp 

LM307J-14 

/tA748ML 

Op Amp 

LM748H 

LM307JG 

Compensated Op Amp 

LM307J 

M78XXCKA 

Positive Voltage Regulator 

LM78XXCK 

LM307L 

Compensated Op Amp 

LM307H 

/iA78XXCKC 

Positive Voltage Regulator 

LM78XXCT 

LM307N 

Compensated Op Amp 

LM307N 

>iA78LXXACL 

Positive Voltage Regulator 

LM78LXXACZ 

LM309LA 

5V Regulator 

, LM309H 

/*A78LXXCLP 

Positive Voltage Regulator 

LM78LXXCZ 

LM311J 

Voltage Comparator 

LM311J 

,*A78MXXCKD 

Positive Voltage Regulator 

, LM78MXXCP 

LM311JG 

Voltage Comparator 

, LM311J-8 

^A79XXCKA 

Negative Voltage Regulator 

LM79XXCK 

LM311L 

Voltage Comparator 

. LM311H 

^A79XXCKC 

Negative Voltage Regulator 

. LM79XXCT 

LM311N • 

Voltage Comparator 

LM31 IN-14 

/tA79MXXCKD 

Negative Voltage Regulator 

LM79MXXCP 

LM311P 

Voltage Comparator 

LM311N 

#1 A79MXXCLA 

Negative Voltage Regulator 

LM79MXXCH 

LM317KA 

3-Terminal Adjustable Regulator * 

LM317K 

MA79MXXLA 

Negative Voltage Regulator 

LM79MX*H 

LM317KC , 

3-Terminal Adjustable Regulator 

LM317T 

LF155AL 

JFET Input Op Amp 

LF155AH 

LM317LA 

3-Terminal Adjustable Regulator , 

LM317H 

LF155L 

JFET Input Op Amp 

LF155H 

LM318JG 

High Slew Rate Op Amp 

LM318J-8 

LF156AL 

JFET Input Op Amp 

LF156AH 

LM318L 

High Slew Rate Op Amp 

LM318H - 

LF156L 

JFET Input Op Amp 

LF156H . 

LM318P 

High Slew Rate Op Amp 

LM318N 

LF157AL 

JFET Input Op Amp 

LF157AH 

LM324J 

Quad Op Amp 

LM324J 

LF157L 

JFET Input Op Amp 

LF157H 

LM324N 

Quad Op Amp 

LM324N 

LF255L 

JFET Input Op Amp 

LF255H 

LM339J 

Quad Comparator 

LM339J 

LF256L 

JFET Input Op Amp 

LF256H 

LM339N 

Quad Comparator 

LM339N 

LF257L 

JFET Input Op Amp 

LF257H . . 

LM358L 

Dual Op Amp 

LM358H 

LF355AL 

JFET Input Op Amp 

LF355AH 

LM358P 

Dual Op Amp 

LM358N 

LF355L 

JFET Input Op Amp 

LF355H 

LM376P 

Positive Voltage Regulator 

LM376N 

LF355P 

JFET Input Op Amp 

LF355N 

LM393L 

Dual Comparator 

LM393H 

LF356AL . 

JFET Input Op Amp 

LF356AH 

LM393P 

Dual Comparator 

LM393N 

LF356L 

JFET Input Op Amp 

LF356H 

LM2901N 

Quad Comparator 

LM2901N 

LF356P 

JFET Input Op Amp 

LF356N 

LM2902J 

Quad Op Amp 

LM2902J 

LM101AJ 

jmproved Op Amp 

LM101 AJ-14 

LM2902N 

Quad Op Amp 

LM2902N 

LM101AJG 

Improved Op Amp 

LM101AJ 

LM2903P 

Dual Comparator 

LM2903N 

LM101AL 

Improved Op Amp 

LM101AH 

LM2904P 

Dual Op Amp 

LM2904N 

LM101AU 

Improved Op Amp 

LM101AF 

MC1558JG 

Dual Compensated Op Amp 

LM1558J 

LM104L 

Negative Voltage Regulator 

LM104H , 

MCI 558 L 

Dual Compensated Op Amp 

LM155I8H 

LM105L 

Positive Voltage Regulator 

LM105H 

NE555CJG 

Timer 

LM555CJ 

LM106L 

Voltage Comparator 

LM106H 

NE555CL 

Timer 

LM555CH 

LM107J 

Compensated Op Amp 

LM107J-14 

SE555JG 

Timer 

LM555J 

LM107JG 

Compensated Op Amp 

LM107J 

SE555L 

Timer 

LM555H 

LM107L 

Compensated Op Amp 

LM107H 

TL081ACL 

Single Low Cost Bi-Fet Op Amp 

LF351AH 

LM109LA 

5V Regulator 

LM109H 

TL081ACN 

Single Low Cost Bi-Fet Op Amp 

LF351AN 

LM111J 

Voltage Comparator 

LM111J 

TL081CL 

Single Low Cost Bi-Fet Op Amp 

LF351H 

LM111JG 

Voltage Comparator 

LM111J-8 

TL081CN 

Single Low Cost Bi-Fet Op Amp 

LF351N 

LM111L 

Voltage Comparator 

LM111H 

TL710CL 

Comparator 

LM710CH 

LM117KA 

3-Terminal Adjustable Regulator 

LM117K 

TL710CN 

Comparator 

LM710CN 
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WUmisJWMMMMNM 



0.125 

0.018+0.002 13.175) 


NS Package D24A 
24- Lead Cavity DIP (D) 



0.750-0.770 

(19.05-19.558) 


NS Package F10A 
10-Lead Flat Package (F) 


0.209-0.219 t 
“^"(5.308-5.563) 

h 0.178-0.195 g 1 
(4.521 -4.953) *1 


0.050 ±0.005 
| (1.270 ±0.127) 


X 2 nCTl MAX GLASS 


0.880-0.900 

(22.352-22.860) 


NS Package F24A 
24-Lead Flat Package (F) 



°- 3i 

(8.81 

_Ji£ 

0.165-0.195 | (8.0| 

(4.191-4.953) | 


0.165 - 0.185 
(4.191 -4.699) 




0.355 - 0.370 
(8.509 - 9.398) 


0.305 - 0.335 
(7.747-8.509) 


0.500 0.040 
(12.70) (1.016) 

MIN MAX 


h 


0.016 - 0.019 
(0.406-0.483) ° 




MOT 


(0.711 - 0.864) 


NS Package H02A 

2-Lead TO-46 Metal Can Package (H) 


NS Package H03A 

3- Lead TO-39 Metal Can Package (H) 


NS Package H03B 

3-Lead TO-5 Metal Can Package (H) 


12-14 







NS Package H03H NS Package H04A • NS Package H04D 

3- Lead TO-46 Metal Can Package (H) 4-Lead TO-46 Metal Can Package (H) ' Thermal Shield for H04A 



0.029-0.045 
(0.737-1.143) 

0.028-0.034 
(0.711 -0.864) /; 



NS Package H06C 

6- Lead TO-5 Metal Can Package (H) 


0.029-0,045 / 
(0.737-1.143) 

0.028-0.034 \ 

(0.71 1 -0.864) ' 


NS Package H08A 
8-Lead TO-5 Metal Can Package (H) 


t J 0.040 IIiMMII 
MEL (Tore) UU 11 IIU 





NS Package H08C 

8- Lead TO-5 Metal Can Package (H) 



NS Package H10C 

10- Lead TO-5 Metal Can Package (H) 
(Low Profile) 




10-Lead TO-5 Metal Can Package (H) 
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NS Package K02A 
2-Lead TO-3 Metal Can Package (K) 
(Steel) 


(7.289-7.696) 

jL 


0.815 

(20.70) 


0.430 

(10.92) 


1 

0.118 

(2.997) 

MAX 


SEATING PLANE 



NS Package KC02A 
2-Lead TO-3 Metal Can Package (KC) 
(Aluminum) 


0.030 

(Dei) 

(7.620-8.128) MAX 




0.009-0.015 1 

(0.Z29-0.381) 

0.045 ±0.015 
(1.143 ±0.381)"*- 
0.100 
(2.540) 



0.250 ±0.005 
(6.350 ±0.127) 


0.130 ±0.005 
(3.302 ±0.127) 


u o l m 

|1 W25 <0-508) 

-I r— i (3.175) MIN 

0.018 ±0.003 MIN 
(0.457 ±0.076) 


0.300-0.320 
| (7.620-8.128) f 



I 0 325 +0 025 
DJZS -0.015 

L ,,, +0.635\ r"“ 


(0.229-0.381) 

0.045 ±0.015 
(1.143 ±0.381) 



| (3.302 ±0.i; 

I i 


I U II L 

|| 0.018 ±0.003 (0.508) 

(0.457 ±0.076) MIN 

^ 0.100 

(2.540) 


NS Package N08A 
8-Lead Molded Mini-DIP (N) 


NS Package N08B 
8-Lead Molded Mini-DIP (N) 
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(33.934 ±0.762) 
1.000 0.010 


I ] 0.120 0 005 | 


to \\p i m 


0.080 ±0.005 
(2.032 iO 127) ° 


0.610 4 0.010 
_ (15.494 * 0.254) 




0 009 - 0.015 
(0.229-0.381) 


(0 457 *0 076) 
0.770 


NS Package S14A 

14-Lead "SGS" Type Power DIP (S) 


0.395-0 410 
| (10.033-10.414) " 


,0.395-0.410 

(10.033-10.414) 



0.200 0 010 j 

(5.080 0.254) 


0.032 0.005 ~ 

"(0 813-0.127) +0QH 
0 U1S -0.001 
/ „. +0 254\* 
0.100 0.010 V 0 381 -U 025/ - 
(2.540 0.254) 



NS Package T03B 
3-Lead TO-220 Power Package (T) 


NS Package T05B 
5- Lead TO-220 Power Package (T) 






0.050-0.080 
<1.270— 2.032) ~ " 
0.004-0.006 
(0.102-0.152)' 


0.020-0.040 

(0.508-1.016)"’ 


l 



NS Package T05C 
5-Lead TO-220 Power Package (T) 


NS Package W16A 
16-Lead Flat Package (W) 



0.045 - 0.055 



10° NQM 10° NOM 



NS Package Z03A 
3-Lead TO-92 Plastic Package (Z) 


NS Package Z03D 
3- Lead TO-92 Plastic Package (Z) 
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The Data 
Bookshelf: Tools 
For The Design 
Engineer 

National Semiconductor’s Data 
Bookshelf is a compendium of 
information about a product line 
unmatched in its breadth in the 
industry. The many Data Books 
referenced here represent 
National’s entire line of devices, 
devices that span the entire 
spectrum of semiconductor 
processes, and that range from 
the simplest of discrete 
transistors to microprocessors — 
those most-sophisticated 
marvels of modern integrated- 
circuit technology. 

Active and passive devices and 
circuits; hybrid and monolithic 
structures; discrete and 
integrated components . . . 
Complete electrical and 
mechanical specifications; 
charts, graphs, and tables; test 
circuits and waveforms; design 
and application information . . . 
Whatever you need you’ll find in 
the designer’s ultimate reference 
source — National 
Semiconductor’s Data Bookshelf. 


Ordering 

Information 

All orders must be prepaid. 
Domestic orders must be 
accompanied by a check or a 
money order made payable to 
National Semiconductor Corp.; 
orders destined for shipment 
outside of the U.S. must be 
accompanied by U.S. funds. 
Orders will be shipped by 
postage-paid Third Class mail. 
Please allow approximately 6-8 
weeks for domestic delivery, 
longer for delivery outside of the 
U.S. 


National 

Semiconductor 




'National’s Data Bookshelf 
Order Form 



Please send me the volumes of the National Semiconductor DATA BOOKSHELF that I have 
selected below. I have enclosed a check or money order for the total amount of the order, 
made payable to National Semiconductor Corp. 


Name Purchase Order # 


Street Address • . 

City * State/Country Zip 

copies @ $6.00, CMOS Databook Total $ 

: copies @ $7.00, Data Acquisition Handbook Total $ 

copies @ $6.00, Interface Databook Total $ 

copies @ $16.00, Linear Applications Handbook Total $ 

copies @ $9.00, Linear Databook Total $ 

copies @ $7.00, Voltage Regulator Handbook Total $ 

copies @ $6.00, Memory Databook Total $ 

- copies @ $11.00, Memory Applications Total $ 

copies @ $3.00, Microprocessor Applications in 

Business, Science and Industry Total $ 

copies @ $4.00, SC/MP Microprocessor 

Applications Total $ 

: : cjppie%@ $5.00, MOS/ LSI Databook Total $ 

"JLJ c6ptee'@ .$$.*00, Discrete Databook Total $ 

— * copies (§ $5.00, Microcomputer Systems 

Series/80 Databook Total $ 

copies @ $6.00, Series 8000 Microprocessor 

Family Handbook Total $ 

copies @ $20.00, Reliability Handbook Total $ 

copies @ $6.00, Special Functions Databook Total $ 

copies @ $3.00, Pressure Transducer Handbook Total $ 

Subtotal $ 


(California residents add 6% Sales Tax*) $ 

Grand Total $ 


Mail to: National Semiconductor Corp. 

P.O. Box 60876 
Sunnyvale, CA 94088 

Prices of booklets include postage. Please allow 4-6 weeks for delivery. All orders subject to availability. All prices 
subject to change without notice. 

*San Francisco Bay Area residents add 6 V 2 % Sales Tax. 




National Semiconductor GmbH 

Eljsenheimerstraspe 61-11 
8u00 Munchen 21 
V^est Germany V 
' Tel: (089) 57669 i , 

Telex: 05-22772; 

iductor (UK) Ltd. 


NS International Inc., Japan 

Miyake Building 

1-9 Yotsuya. Shinjuku-ku 160 

Tokyo, Japan 

Tel: (04) 355-5711 

TWX: 232-2015 JSCJ-J 

National Semiconductor (Hong Kong) Ltd. 
8th Floor. 

Cheung Kong Electronic Bldg. 

4 Hing Yip Street 
Kwun Tong 
Kowloon. Hong Kong 
Tel: 3-899235 
Telex 73866 NSEHK HX 
Cable NATSEMI 

NS Electronics Pty. Ltd. 

Cnr. Stud Rd. & Mtn. Highway 

Bayswater. Victoria 3153 

Australia 

Tel: 03-729-6333 

Telex. 32096 

National Semiconductor (Pty.) Ltd. 

No. 1100 Lower Delta Road 
Singapore 3 
Tel. 2700011 

Telex: NAT SEMI RS 21402 

National Semiconductor (Taiwan) Ltd. 

3rd Floor. Apollo Bldg . 

No 218-7 Chung Shiao E. Road. 

Sec 4. Taipei. Taiwan 
P O Box 68 332 Taipei 
Tel: 7310393-4. 7310465-6 
Telex 22837 NSTW 
Cable: NSTW Taipei 

National Semiconductor (Hong Kong) Ltd. 

Korea Liaison Office 
6th Floor. Kunwon Bldg. 

1-2 Mookjung-Dong 
Choong-Ku. Seoul 
C.P.O. Box 7941 Seoul 
Tel: 267-9473 
Telex: K24942 


National Semiconductor Corporation 

2900 Semiconductor Drive 
Santa Clara, California 95051 
Tel: (4U8) 737-5000 
TWX: (910) 339-0240 

National Semiconductor 

District Sales Office 
345 Wilson Avenue. Suite 404 
Downsview, Ontario M3H 5W1 
Canada 

Tel: (416) 635-7260 

Mexicana de Electronica 

Industrial S.A. 

Tlacoquemecati No. 139-401 
Esquina Adolfo Prieto 
Mexico 12, D.F. 

Tel: 575-78-68, 575-79-24 

NS Electronics Do Brasil ( 

Avda Brigadejfo Faria Lima 844 
11 Andar Cofijunto 1104 
Jardim Paulijstano 
Sao Paulo. Brasil 

Telex: 1121008 CABINE SAO PAULO 


National Semicr 

301 Harpur Cenl 
Horne Lane 
Bedford MK40 1 
United Kingdom 
Tel: 0234-47147 
Telex:: 826 209 . 


Telex^: 

National Semico 

789 Ave Houban 
1020 Bruxelles j 
Belgium i 

Tel. (02) 4783400] 
Telex: 61007 . 


jnductor 

'de Strogper 


National Semic; 

Vodroffsvej 44 
1900 Copenhag- 
Denmark 
Tel. (01) 356533; 

Telex 15179 ( 

National Semiconductor France 

Expansion 10000 
28. rue de la Redoute 
92 260 Fontena/ aux Roses 
France * 

Tel: 660.81.40 f 
Telex: NSF25O056 

National Semiconductor SRL < 

Via Alberto Mario 26 
20149 Milano .r 
Italy { 

Tel: (02) 469 2$ '64/469 24 31 
Telex: 332835 f 

National Sen/iconductor Sweden 

Algrytevagerf 23 
S-127 32 Skarholmen 
Sweden * Y 
Tel: ,(8) 970835T 
Telex 10731 I 


inductor Ltd 


iional Semiconductor Corp. 
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